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I
FOREWORD

Rapid advances in technology have been paralleled by the growth in complexity of" personnel
subsystems. While technological advancement finds ready expression in news media, the techniques
dewlupcd for effici-et manipulation of personnel systers suffer the quiet dignity of esoteric journals,
technicls reports, operating manuals, and the like. Although publicity for the sake of publicity should not
be a goal of th. personnel researcher, effective systematic methods for communication of the ditipilife
cerlainly warrant promotion. It was with this intent that the Symposium on Personnel Research and
Systems Advancement was sponsored by the Personnel Research Laboratory of the United States Air
Force. The Symposium climaxed the twenty-fifth anniversary year of that Laboratory following an
uninterrupted but undoubtedly cyclothynie era - an era started in 1941 with the Army Air Force and
transitioned to the United States Air Force with its "birth" in 1947.

Historically, personnel research has assumed a sophisticated pose on the threshold of its own
computer age. Because the great number of people which constitute the military personnel systems,
mitary planners have been particularly responsive to automated techniques starting with the punch and
"shuffle" to the point where computerized models are being implemented as a matter af course, The great
breakthroughs in personnel systems technology are on the verge of appearance. Then delay is a function of
the need for interactive relationships among many research disciplines. Each study requires the attention of
psychologists, economists, mathematicians, operations analysts, and a host of support personnel, Principled
narratives, often ingenius idiosyncratic products, rarely deserve the attention of the effective manager. For
efficient, effective operations, what man knows is of much greater value than what man thinks. New
systems permit the personnel manager to record his memories laterally, longitudinally, and with great
accuracy. Automated systems are not prone to forgetting,

The program for the Anniversary Symposium was evolved within the constraints of the several
purposes of the event. AD] presentations were to be made by eminent persons who had been members or
were members of or were in close relationsip with the Personnel Research Laboratory. Since so many
prominent persons had formed this population, there was, in effect, no constraint. In fact, the problem was
one of deciding which of the many should be invited to speak. Topics for the program were generated prior
to the determination of appropriate speakers, but the individual was then granted complete latitude in his
presentation. Most chose to remain relatively close to the topic suggested.

Another idea used in selection of speakers was the attempt to have representation from military.
governmental, business, and academic sources. As might be expected, the military systems are
disproportionately represented. Since the lay personnel subsystems of the military services are lucralive
targets for research and development, the representation is not an inequity in a real sense. The woik being
done with the military subsystems has almost direct translation to the large corporation. There is no doubt
that many major concerns are initiating programs for computer-based personnel systems dependent upon
inputs in real time. The problem appears to be one of locating managers trained in the many facets of such
programs. The widespread distribution of ideas, information, models, and suggestions presented during the
Symposium should serve an important function in developing personnel researchers, planners, and managers
in both academic and operational settings.

The papers presented have been edited only with the intent of providing some comnon form for the
reader. Even this design was modified for one paper to keep it in the style appropriate to its disciphine, The
order of presentation of the papers at the Symposium has been altered fur the purpose (if providing sonic
corrunon chapter characteristics. Admittedly, the conunonness of the chapter beakdowns may mit always
be too apparent.*1
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In addition to exellent reviews of acvitles underway in the field of personnel research, there are
some relatively novel expressions for systems advancement, Dr. Leirnan'i suggestons with read to a new
form of job engineering ate highly creative and socily attuned. r Dailey presents a new approach to
mental testing and does so with considerable clarity. Those topics whkih generally deal with the future of
personnel resarch ate for the mot part in the form of tributes to the USAF Penrsmel Research
Laboratory,

The evidence tor candot and frecdom of expresson Is quite obvious in the papers by Dr. Carlwon and
Dr. Cater. In all, the papem foliated the Symposum proceedings most adequately, Their continued use
should be equally valuable to all thou who are fortunate enough to read them,

Angelo L Fortuna
•SY 1,1pUurnu coorditof
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RECENT PERSONNEL RESEARCH IN THE ACADEMIC WORLD

John T. Cowvles
The University of Pittsburgh

Introdusction

This review *As prepired will iite imnt i of iinunitg it tso
inclusion of work done by pcrsons identify ing themsielves with .i

univiersity and mainly Its publications dated only during thle past
year of two. Unriversity projects donec under coo~tr.ct With the
Armed Service% or Governmiental agencies were also. excluded, but
fairly large poritin of the research Ik e %VI111iieted uptoiI WWI, -it
course, done often with Nitionat Institute ot Health (NiIh)1 or other
grants In industrial Of business settings. tile comlmon laboratory Or

personsiel psychologists ha~cd in file university. Published tudir, of
univerity persunnel problems irvolving university employees a%
subjects are rate indeed. although college students are socelirues
used as convenien, respondents in published studies; I'
methodological problenis.

It will he noted, too, that most of the studies cited were
published in the two prinlcipal civilian pertionnel research Journal&, the Jurnalusj4~pied 11% , vei , f,-and

Perwirnel Pwdhlog. or in selected recent books. T"he Aripuai Rnies o) Pkichaiir is anl excellent
secondary source. but in keeping with a biennial bopi;Ai rotation scheme, each vulurie contains review,$
only of selected topics, such as Personnel Selection One year and Personnel Managentent the next. A few

reettextbooks and handbooks have been included, since they represent a chiAratIeristic contribution (if
un~vrslt sd~ws ho uA-vhive been involved in reterch of their own. Thetci 4w It ell-defilhd fied

standard textbook with th2t title. it is a comsposite or blend of various specialties inlvestigating priihkcm in
istel areas of work end eniployinent as selection and recruitment. clas iication and plAceswtes, joh iirlysis.
job evaluation, organization, motivation and morale, proficioncy measurement, training. human
engineering, accidents and safety, pay and satisfaction, human Meaisons. training and deveimpiieri.
separation and retirement, and so on. The areas of human relations and organiidaion and itivatiio hive
greatly expanded in recent years. largely through the increased partficipation of the rapid.), developing scil
sciences in studies of these particular personnel areas. Conmputer technology. sinulation. and mtrnaia
models are also invading the general fiold. The systms approach, too, Wii manalliachille ystenus.
communication systems. organizational dynallics, anid thle complexities of aliuomated learruns hive ill
changed the face of personnel research. It is utterly fascinating to a prescin-da> reviewer (if the field.
perhaps even a bit bewildering to one who entered the field of personnel rewsce hei'me threw new
developments haed begun to flourish. InI tact, we find that some ot ilic~c devclrpriiestN hiatse heconie siew
specialties of their own, with a language tit their own, jotirnals Of their own, .ssid ci Ingensal %orkei% w-ho
sometivies appear preoccupied with sell'-fascinalion it not mnutual snyst ificas on. So. i i I% ilh Voili
diffidence that I pter softly into sonse Of these gariglia Of the great uerve nteltit pIsone l chtg of
today.



I
Reeritment and Selection

Within the. scope of this survey uf recent tesearch, only one study dealt with recruitment as such, This

study by Carroll (5) concerned the relationship of various college graduate charatcristics to recruiting
decisioism Earlito studies had usually questionnaired employers regarding their preferentlal ratings of ihe
Venern! tr lls of Ptentfal r enployeei. suc as intelhigrnce, college grades, extracuricular activities. and so
on, This particular gludy ht.ok 2 more direct taivk and assessed the charwteristics of 211 mate graduates as
shown more objectively in their records, plus a rating of their appearance In the officia photograph on Itlk.
it was found, inctd tally, that this ltter toting coud be reliably done ot the eneratl scale dubbed
"tappeairtic.," These a sessments included age, grades, height, major field. marital status, fraternity
membership or not, military draft status, leadership pooitions in colleg, menvbesihip in collete
crgiiaituwns, work cxpciekoce, work preference, weight, and weight.height ratio. Criteria of recruitment
success included such items as ,umbers of visit offers, job offers, visit-interview ratio, job-visit ratio, and a p
combined criterion, Only three of the aueued trtlts related significantly to any of these five criteria:
marital status, appearance, and office experience. Appearance alone correlated significantly with as many as
three of these criteria, with co.isistently low positive correlations. In short, what employers have
traditiunally rcported they value as to college graduates' characteristics, namely, intelligence and grades
rather than employment experience or test scores, is hardly in accord with their actual recruitment
practices.

Selection studies seem to have become somnewhat more sophisticated, but their results are hardly
more successful or psoidsing than the fuzzy studies of a decade ago. But there are distinctly encouraging
signs. Not often do we find today the former one-wasi style of "criterion development," but rather
multidiscipline criterion analysis, especially among motivational or social variables, rather than among the
well-worn copitive and skill variables of the past. Global criteria, with a single measure of "job success,"
are quite suspect today, But I must admit numerous studies stiU resort to easy criteria, such as supervisors'
ratings of managers' effectiveness, and take for granted that these criteria have some kind of ultimate or
intrinsic construct validity without further empirical verification. Who is to argue with the boss? Nash (42).
for example, developed an empirical Strong Vocational Interest Blank (SVIB) key for predicting executives'
overall rankings of managerial effectivenet, uszl a sample of 461 mangers from 13 varied Minnesota
companies. The 57 items showed a correlation of .33 on a hold-out sample. Of note was the desciiption of
Interest patterns shown by Gtie valid itenm: effective umagers seemed to be characterized by interests in
Indeendent =sn4 intensive thought, tangible outcomes, physical and social activities, some risk, less
regimentation of time. interest in non-technical and nonagiricultural pumits, and less interest in activities
requiring long periods of attention and concentration on details, as wel as less interest in service-oriented,
humanitarian-oriented, and esthetic pursuits. The author concludes that such a study of interest patterns of
effective managers shoula be of help In vocational guidance or possibly in selection, We might add that An
analytic view of the criterion "effectite" would be essential before we could put to work these results on
interest patterns,

Another recent study by Schletzer (48) explored the relationship between standard (and

appropriate) SVIB keys ind three job satisfaction inventories for 185 male graduates from various
professional schools, using SVIBs that had been flt led out while the subjects were in the 12th girade, as wellI
as current SVIB retakes. Of the 56 relationships investigated, only one correlation was significantly

different from zero. namely the SVIB engineering key and the Job Dimension Inventory for the engineering
subsample. Although the later SVIBs showed greater congruity with the appropriate occupational interest
keys, they were no closer to present job tlisfaction than the earlier SVIBs. These results are hardly
promisinl but ore In accord with other studies of the relation of standard keys of interest inventories and
ordinary measures of job success. Somewhatl more successful was a study by Megargee and others (40)
relating the California Psychological Inventory (CIPI) dominance (DO) scale to a pKrsn's assurption of a
leadership role, or his not assurung that role, in a paired-person problem situation requiring one of the pair
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it) serve as leader. When the problem in'tru,.tions emphased the t(rsk itself, only a rlace proportion of

hith "dominorwr iwype amurnd !. :. -!vi. whcl.i.i Whuui th. i04uVarcIpn! empisueei the leadership

(solon and GLrttleT (24) hAvc, in fact, madc a ietcn suIinary, of validity studies of perwsonlity
ribasures In personnel selection. They found that only about one-third of recently itputd studics
bothered to check predit validity, and only in seven or the 30 studies in that one-third had tht
researchers troubled to porform a croa-vaiidatirri. Of the studies published in the Journal of .4pplieiJI Pkyrnfogy and Per~rrnned Pychtooz, in the etilite 2 yeaz per"od (115 2.1963), someihing kIm thanr one-eiglhtl of the validity studies resulted in significant coefficients. Thbere wit no Cleat pattern of suitable
criteria, and the few sIg.nlricant validities were snociated with custom-built instruments for particular
situations. the authofs of this review concluded 14a raw etnpirkisrn ke 001 a better tool. that is.
res-earch-based selection test development, rzther than the applnatin of existig "standard" instruments.

t In short, we can only agree with tiem that -some personality instrumnents may work for somie purposes in
some situations," but don't count on it! A very recent general review of occupational aptitude tests and

* their validity has been published by Ghiselli (18).

some or the newer techiqrues, like the Frederiksen in-basket technique, have not proved &I fruit rul as
we might have earlier anticipated. Two other general reviews Itnd to concur with tnese discouraging general
conclusions, namely the 1963 review by Dudek (11) and the 3965 review by Blesheuvel (2), both in the
Annual Review of Psyehology. For example, the litter cites the evaluation by Locke and Hulin (36) of all
available validity studies of the well-publicized Activity Vector Analysis, in which it was found that in only
two out or the 18 studies were the piocedurcs adequatte r'r validationi of a presumed wndasolal selection
technique, In neither of tho.± ,wo studies was the presumptive device of sufficient validity to be of any
practical use for its intended select ion purpose, namely selecting insurance salesmen. He also mentioned the
similar negative evaluations by Campbell and co-workers of various devices for selecting high-level
personnel, Including the unhappy rwnding that even objective cognitive tests had no useful relation to

supervisors' ratings of intellectual functions.

It is apparent, even granting that we might ind adequate criteria and develop likely predictors, that
our classica validutwoi models, based on simple correlation or ordinary multiple correlation, are outnioded.
We should be seeing in the near future some (sit trials, in practical personnel selection or classiication
problems, of the more powerful computerized multivariste techniques such a~s canon"ca conelatlon, which
can handle the nume-rical complexities of multiple prediction of multiple measures of the criterion. Horst's
(27) new :reatise on factor analysis of data matrices is a major academnic contribution in this area and
should have wide applicability. However, it appears that we have not yet developed equally advanced,
systematic approaches to identifying and measuring the more significanit criterion behaviors. The present
reviewer shudders at sone of the recently reported applications of high-~powered computer techniques top trivial data, such as a principal1-components factor analysis of items in a rating scale, based on only a
handful of respondents! We shall have to endure a corming rash of ill-advised studies using these magnificent
data procesising and comnputiiB techniques, solaced by the hope that a nugget may turn up among these
studies. Some interesting relationships have been discovered in the recently popular search for moderator
variables, but we still need more systematic approaches, perhaps insihts, to their discovery anda use,

Studies of Techniqules and Methodology

There cotfinue to be published new variations of old measurement techniques, for example in
studying the cues used by interviewers, Maier (38) had a person act the role of an honest or disonest
interviewee, and he discovered that untrained interviewers could detect the dishonest intervie.wee but could

3



0t

arid evaluated. It was found by analysis Of variance that there were no appreciable differences, in an actual
measurement situation, among formats of different direction (up-down, left-right), graphic or numeric, and
whether the traits were rated one at a time, or the raseci one at a time (a; 2ll traits, or whether the rater
was permsitted a free choice of order. We do wonder a bit if the results were much affected by~ the kind of
rater (college students) or choice of persons to be rated (Lincoln. De Gaul4le, Liz Taylor, Khrushchev, etel.
However, a study by Peters and McCormick (44) compared the reliability of numerically anc~hored and
job-task atwhored rating scale,% and found the latter type significantly more reliable. This latter study, by
the way, was part of a larger and rather impressve study of various types of'scales for the rating of job
activitics, which has been carried out at Purdue by theme mren. Findley (14) has contributed a ficw index of
inwal acceptance of individuals in a group, which may have useful application in personnel research.
Under his assumption that certain best groups are those in which there are no isolates, the index puts a
premium on mutual ratings where all individuals are chosen rekativtly as frequently, rather than where a few

the Index of Assimnilation. He ilustrates its use with live data and provides a tentative nonnative scale for

Iwas gratifying to find at least one study on research methodology, namely, by Rosen and Sales (46)
on the effects of behavioral field research on the work performance of factory employees. This study firsi
noted ro effects of ebservational or survey resea7ch operations on overall worker productivity. but when
certaiti hypothesized moderator variables such as age, urban-rural. union act'vity, and F-scale
(authoritarianism) scores were investigated, it was found that at certain levels on these variables workers
wer- significantly affected and the productivity results thereby contaminated. In general the workers who
were either younger, or rural, or more active i the union were the ones more affected; however, no
differences were assoiated with F-scale scores. This study, like some of the earlier '.nes by Ghiselli, not

research workc:rs who might claim no significanot effects oi a given variable just because it produces no

Before leavirng this secdon on techniques and methodology, we should note that academic personnel
psychologists commonly contribute, in the form of textbooks, scholarly work-of considerable value in the-
training of new wor kers in fields of personnel psychology. and in sumnmarizinq aspects of those fields. An
example would be the excellent new text on personnel testing by Guion k-), or the recently revised
general texts on industrial psychology by Gilmer (19), by Maier (37), and by Tiffin and McCormick (5 1).
There are also numerous excellent texts in the more specialized sub-fields, such as Ernest McCormick's
second edition of Humian hacrr'?s Engmneering which appeared in 1964 (McGraw-Hill). A book of quite a
different type but wurthy of' special note is the newly enlarged second edition of that stimulating
application by rronbach and Gleser ( 10) of decision theory in the use of psychological tests for personnel
decisions. This book has practical and theoretical values for anyone involved in appraising manpower costs
or utility in seltction or placement. We shall later mention other specific works, often combining
scholarship and original research, dealing with theory of organization, group process, motivation, and so on.
There is also quantity of less notable but nonetheless nece'ssary books, written by academic psychologists,
at simpler levels of discourse for explaining the technical field to the busy executive or other laymen.

No attempt was made to cover the enormous field of training in this brief review. Esxcellent
summaries are found recurrently in the An;uuual Review of Psychology and 0[ Review of Educationsal
Research, although these deal mainly, of, the one hand, with the more fundamental levels of
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expermtit~tion and theory, and on the other hand with applications to the classroom situation,
Progranmed learning, automated learning, sensitivity training and other new techniques of learning have
been greatly stimulated by academic, laboratory research, even animal studies on operant conditioning, for
example, while further stimulation has come from other sources and certainly from current needs to make
teaChiiig and learning nHIrC effective in the face of teacher shortages. A recent conference summary by
Glaser and participants (20) on training research is a notable collection of reports and viewpoints on 'he
present statui of tiain ng reicarch in a wide variety of perouncl fields. Academic research is well

represented, The monumetital handbook edited by Gage (1 b), summarizing research on teaching, should
not be overlooked. It his obvious applicability to personnel training programs and to the proper study and
evaluation of methods of instruction; it is more pertinent to ttining research than its title may suggest.
Other useful ideas for new training methods have come from such unlikely sources as the laboratory
metnod, or the practice of psychotherapy in the form of psychodrama or, better, "role playinl" Schein
and Dennis (47) have developed a "laboratory" training method of broad application, with fascinating
possibilities for observing and evaluating personnel developmerit, and personal and organizational change.
Corsini, Shaw, and Blake (8) have written up role playing in business and industry, with practical
illustrations of a how-to-do-it kind that suggest applicability to personnel program needs from diagnosis and
information concerning individual or group functioning to executive leadership training. However, we
hasten to add, we would now like to see some solid research ion the actual validity of this often entertaining
technique. Are its promises fulfilled? Admittedly there is a consult need for a bvidgitig effort on the part
of psychologists to determine training requirements in applied situations, to seek out those research
findings that may be useful, and then to translate and apply them with experimental cautons. But how
often is the user's faith substantiated by more than enthusiasms? It is my opinion that the academic world
has set a rather bad example, in the past, of perpetuating old or introducing new methods of education
without adequate evaluation. Rather glaring examples can be seen in medical education, where large
foundation subsidies have been made for new curricular ventures without providing for fair evaluation. The
retrospective looks have resembled rationalization of the changed methods. On a more optimisic note, the
new educational research and developnrnt centers on several of our university campuses have attracted
brifliant young investigators with a cool eye to evaluating new methods before applying them in the
educational ituation, These centers will bear watching by business, industry, and the military
establishment. Another significant development in the academic world, as educational costs frighteningly
increase, is the new look at dollars-a- Vcents educational input and output. Faculty and administration are

! teaming to find ways 0 make universit icational programs less of a losing venture.

Motivation, Succes, and Satisfaction

The complex-relationships among motivation to work, job performance, and job satisfaction variables
have become the focus of a greatly augmented bulk of personnel research in recent years. We have found
out, through research, that there is no simple relation between pay and productivity, pay and satisfaction,
end so on. With a growing realization of the complexity of human factors in the work situation, new
approaches and various newly interested disciplines are now irvestigating these relationships. Psychologists
are studying needs and satisfactions, response styles, expectations, frustration, conflict, and the like;
sociologists are studying social and community and cultural factors. human engineers are studying the fits
and misfits, and the why of theme, in man-machine systems; economists are studying pay plans, personnel

benefits, and other perquisites not alone with .egard to profit and loss but also with regard to the context
of industrial aspirations and development. The waters are indeed murky but well agitated.

Representative studies during the past year or so reflect the amazing variety of current problens and
approaches. Ghiselli (17), for example, investigated the maturity of self-perception of managers and found a
curvilinear relationship; it is more important for success for the manager to have a pattern of self-perception
that corresponds with others of his own age than characteristic of younger or older managers. By an
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ingenious checklist of paired adjectives of equal social desirability or undesirability, he was able to specify
the significant differences between the self-percepu of older and younger managers, Hulin and Smith (30)
found that women tend to be less satisfied than men with their jobs, but that it is probably a function of
associated variables, such as salary, place of work, hope for promotion, and qualification level, rathef than
any sex difference as such. Huhln (28) also studied the relationships of such community characteristics as
prosperity, slums, unemployment, productive farming, and community decrepitude to job satisfaction and
productivity. He found that average satisfaction scores were unrelated to group productivity but were
negatively related to the prosperity of the comnimnity. Pay satisfaction scoes telnded to be more negatively
related to the prosperity of the community than did the other aspects of job atisfaction. It seems that in a
poor community the job alternatives are so few and so unattractive that the workers remain more satisfied
than their counterparts in a more prosperous community, with its attractive competitive opportunities for
employment. In short, community characteristics may be moderator variables in the relation between pay
and satisfaction. In similar vein, Centers and Bugental (6) found that the perceived relative values of
extrinsic and intrinsic job components are related to job level; the higher the job level, the higher the
worker values the intrinsic job components; the lower the level, the more the worker values the extrinsic
job components. Sex differences in these relationships were found to be negligible; however, women tended
to place a higher value on "good co-workem," while men placed a higher value on "opportunity to use
talent or *kl."

Hulin (29) found that job satisfaction scores of women clerical workers might predict turnover, since
those that left the job had had lower satisfaction scores, and these were based on attitudes toward work,
pay, promotion, co-workers, and supervision. Lawler (34) found that ability is a moderator variable in the
relationship between managers' perception of the relation between performance and pay and his actual
performance as rated by supervisom. Among high-ablit-', managers, there is a clear relation between their
perceptions of job factors important in pay determination and their job performance, whereas among
lowability managers, there is no apparent relation of this kind He concludes that the multiplicative
concept seems to be corfirmed, namely, that job performance is a function of ability times motivation.
Lawler (35) further studies the relation of managers' attitudes toward how their pay is determined and their
satisfaction. He found that high dissatisfaction was associated with a lack of congruence between the
mnaer's attitude toward how his pay should be determined and how it actually was determined. In
general he confirmed that there may be little relation between an incentive pay system and the workers'
perception of the incentive values of such aplan .

Eran (13) studied the relationship between s, lf.perceived personality traits and job attitudes among 4
middle-level managers. He found that managers scoring higher on personality traits believe they are fulfilling
their inner psychological needs (Maslow variety) to a greater degree, and perceive more job satisfaction in
terms of those same traits. It appeart that they are more satisfied because their abilities are more
compatible with job requirements as self-perceived. Paine and others (43) studied the need satisfactions of
nuagerial level personnel in a Government agency. First, he compared field managers with office managers
of similar level; he found that the former obtained greater satisfaction with certain higherevel needs, such
as self-esteem, development, and independence of action. He also compared these results with the need
satisfactions reported by maners of similar level in non-govermental organizations. The satisfaction of
the Government managers was less across all need items, including social needs and need for security, than
the satisfaction of private managers. However, an impending -edition in force (RIF) in the Government
agency may h.ve been influential in the latter results. At a,.y rate, information of this kind would be useful
to those who are either counseling or selecting potential managers.

Weissenberg and Gruenfeld (54) have beep investigating the complex relationships among leadership
dimensions and cognitive style, in a civil service setting using various paper-and-pencil instruments. One
measure, Witkin's Embedded Figures Test (EFT) seemed quite promising, since it reflects an objectively
measurable personality dimension called "field dependency" and can hardly be faked; it shows a substantial
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curvilinear relation (eta = .87) with Fiedler's rating form "Esteem for the Least Preferred Co-worker"

(LPC), It was found that Flelahman's Leadership Opinion Questionnaire (LOQ) is hglhly susceptibl, to
faking. The same investigators have also been studying such variables as supervisory characteristics and
attitudes toward performance appraIsals (22). Supervisors high in accepted supervisory qualities are more
favorably disposed toward the appraisal and development of their subordinates, even when the appraisal
scores of those subordinates has little to do with pay and promotion (as ieu to happen in a civil service
situation). The best predictors of attitude toward the appraisal system and corrective ure of It were certain
scales of Ghiselli's Self.Description Inventory and Fleishman's Leadership Opinion Questionnaire, rather
than such old standbys a age, Intelligence, or F-cale scorm. In fairness to thee active research workers, itshoutld be mentioned that they do appear to be interested in the basic behavioral processes as well as in the '

correlational data. Gruenfeld (21) also recently investigated the bases of favorable attitudes toward a 
managewnt development program and found that when it was cowtibutory on the part of the employee,
the perceived benefits were significantly increased. A related study is the one by French, Kay, and Meyer
(I5) who found that when employees really participate in planning their own development, not just think
they are participating, then the various indices of satisfaction and improved human relations with
supervisors show gains. In concluding this section on empirical studies of factors in job success or job
satisfaction, we should cite some outstanding reviews of the research literature in this area. Nash (41)
recently reviewed 47 published articles on the vocational interests of effective managers. He noted that the
standard scales of the Kuder Preference Record and the A~lport-Vern-n-Lindzey Study of Values when
used for predicting managerial success are superior to the standard scale of the Strong Vocational Interest
Blank. Additionally, he pointed out the faulml faults in the great bulk of such validation studies: lack of
cross-validation, low Ns, and flimsy documentation, even in the more widely publicized studies, Sells (49)
and Porter (45) have prepared the latest reviews on Personnel Management in the Annual Review of
Psychology.

Tbodes of Motivation in the Wosk Situation

There have been several recent contributions to theories of motivational fact'rs in the work situation,
but none has been either consistently supported by the experimental literature or has had suflicient
generality to be of truly landmark quality. The theoretical formulations of Herzberg and associates, in
various published articles since 1959, IPave now been given more formal presentation together with selected
experimental evidence by Herzberg in his recent book of ambitious title, Work and the Nature of Man (25).
His theoretical constructs have been controversial for some time, and within a few months of this
publication at least two new studies have been reported which seem to refute Herzberg's two-factor theory
of "motivators" (intrinsic influences) and "hygienes" (.xtrinsic influences) as differential sources of
satisfactions and dissatisfactions. Burke (4) had college students rank their perceived importance of five
motivators and five hygienes, and Coombs' unfolding technique was used to scale the data. There was no
evidence of two independent factors underlying job satisfaction and job dissatisfaction. He also reviewed
the experimental literature, and among 14 relevant studies failed to rind evidence in support of Herzberg's
theory. The second study was by Wernimont (55), who obtained responses to forced-choice free-choice
items presented to 50 accountants and to 82 engineers,-where the items concerned past satisfying or
disatisfying job situations. Both groups endorsed more intrinsic than extrinsic items when describing both
kinds of situations, and there was no evidence that either category of variables was unidirectional, as
posited by Herzberg. Expectations have a strong influence on the extent of satisfaction with job factors,
Another more comprehensive survey of work and motivation theory will be found in the recent book by
Vroom (53). Other contribulions to motivation theory are numerous in the context of other subfields of
personnel psychology, for example in discussions of organizational behavior cited below.
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Oranizatiol Iehaor and Theory

Under this caption has fallen the greatest proportion of recent studies by academic research workers
that have come to our attention. It reflects the markedly increased interest in social Psychology aspects of
thc employment situatin by the various socia! selences, along with computer technologists and applied
nathenmiiians, who hive alAo turned considerable attention to the development and exploitation of
mathematical models of gr oup and managcment behavior. It has been an astoundingly blossoming field and,
now, almost a specialty in itself. A few very recent empirical studies will aI least illustratw the diversity of'
interests. Jerdee (3 1) has neatly studied work-group versus individual differences in attitude to help answer
the question, "Is attitude variability a function of group or individual variability?" From a sample of 190
employees representing 38 work groups in three manufacturing plants, he obtained responses to a "Triple
Audit Employee Attitude Scale," developed at the University of Minnesota. An analysis of variance showed
that group differences in attitude were insignificant compared to individual differences, the author
concluded that the appropriate unit for study of such attitudes Is t'.e individual rather than the group, The
attitudinal statements, by the way, did include group-related job factors such as supervision, as well as items
concerning the work itself.

Another study, this one by Dunteman (12), explored the interrelations among 84 variables pertaining
to company organizational characteristics, management attributes, incentive conditions, worker
characteristics, personnel performance, and organizational functions. A multiple-choice questionnaire of 84
items was the source of data, drawn from 234 responding personnel directors at as many different
manufacturing firms. Interestingly, this was only an 8 per cent return, the best that could be retrieved from
almost 2,000 companies solicited! A factor analysis, with rotation to simple structure, indicated that there
might be 14 factors, such as size of organization, economic growth, tardiness vs. family vesponsibility (a
bi-polar factor), payoskill level, personnel tenure, and so on. Curiously, productivity, job aversion, and theft
were mutually independent. A third study by Shore (50) focussed on the role of the arbitrator, again using
questionnaire returns based on 25 statements, from a sample of 28 accredited labor arbitrmtors, 33
management representatives, and 40 union officials. Major dimensions of the arbitrator's role as perceived
by each of these three groups were defined, after a luster analys.i of items which resulted in these 5
clusters: adherence to precedent (favored by the arbitrators themselves), prophylactic purposes (favored by
management), liberality (favored by managernent), elicitation of facts (also favored by management), and
procedural formality -(favored by the arbitrators). In each instance except the last. the other two
respondent groups were sig; ificantly lower in preference, although they might not have differed
significantly between themselves.

Many of the relevant stues in this organizational area have been reported in books which present
organizational theory together with empirical evidence or illustrations. Theory in these books has ranged
widely, and perhaps a bit wildly, with such facets as the following: organizational stress (33), ingratiation
(32), small group process (26), sociological factors (52), optimization in the work situation of the criterion
values of our society (I), and group processes in decision making (7), plus some of our earlier references to
theories of worker motivation. Perhaps the time has come, in view of the mass of well-selected (!)
supporting data in each instance, to attempt an integration of these partial theories into something more
embracing, and look for the gaps or inconsistencies in more general theory. Certain mathematical models
are being developed, of varying promise or practicality, especially in regard to smal group behavior, as
notably reported by the Stanford group and persons of related interest (9).

In closing we shall dae to cite a new publication which we have not yet seen, but which the
publihers indicate will be very useful to workers in this last hugh area of personnel psychology: Handbook
of Organizations under the editorship of J. G. March (39). This is promised as an extensive general survey of
theories and methodologies relating to organizational aund Interpersonal behavior. It will have to be, I might
say, the review to end my own review.
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RECENT ADVANCES IN PERSONNEL PSYCHOLOGY IN INDUSTRY

Harold A. Edgwrion
Performance Research, Inc.

The putlrioc ol this paper is, tu take a link at advaawes.
changes ,and trends in Peminnel Psychology in) Ind ,stry, It is n t in
attelmnpt Io oe' a specilv period of years, but r: ther to touch on
thowse tlings th seem io he relleeting significant developtnts and
poiting lo needed tescarches that inay be showing just ovr the
iorizon. It flay K- that we could hasten the exploitationi ol sonic or
the..

In the area of pernitnel selection, there has been little or no
!1mi.e iluli tie v;diidilv or aptitude tests over a long period of YCars,
ertainly over the last two or three decades. We have a great ia any

joafrnal articles reporling the validity cofficients for various tests in
varioius situalons. There is need for such studies and such
puhlication lo continue; but there is also need fur niure adequate
analysis of the criterion, ot the job situation, it the eniplhyni i
iarkel, and if tlle value system used b) nliaagetientl in order to

geneiali/e from this kind of informatin.n, .lherwi.t. we have only a list of applkabilities of' tests in specific
situations, and these sitlutions arc seld(Iti described adequately. Thi ki a "'*facI of life" rathe- than a
professin 't f.ilure.

With regard iti the klidnt) It teS : cl.UIViJULI ueitlip-b ,io.70 }Uee-sotirTes obtained.
but w e hecone suspe'ious of thos coetficigits above .70, wondering in what ways there nay have been
vrror or hita in the ineasurenient prisces to produ e su'h cefficticinb; on tie other hand we uCi as if ideally
there 0iiould be a torrclation of unity btweeni aptitude tests and job prformiance, As yet, we have nut
really tced the qtiestioin a% to viht extent ntie expects to find all of the factors aft'ting quality of
on tihe-oh perloni r ce within the hound% t the skin of the individual worker and. hence, to be available
a% prediCtor,.

Per onnel e~tng iii indusir, is underging considerable re-exanination. There are issues regarding the
applicahilitq ot aptitude tests It) tie culturall1y deprived. t the disadvantaged, to minority groups, io
lair ta e-haitdaic'ped groups, and . on. The approaihes to this problem have not as yet clarified into
treids, unles, it is the recognilion that imeasuienent must be suited to tie situation. Aptitude lest wores,
hy tiiCr i1atue, are arfeceled b the prioi experiences aid )earning of those taking the test. We wee rio good
way) at Fionloin thoe ptmli , of t li variance ii lest scores which are due to econotni or s.cial
da,,dvantaLe, or to difterent . l .rieicos, or it) a lack of appropriate exp.rices. This points t) the need
lo i povenre tit lthe in terpretation of wmr, lite In lelpre tat ion adapted or adjusted by level of test WOre
and by lhe kind at nidividual, for whom tlie wores are being applied, A second lype of effort is to develop
o ir al Ii tippropria tIii Ih e kind and gro up. For exanipl, tcis with high verbal content Inay lot be

IIl



theg best oteasures of the ability of those who dropped out of ichool before becoming substnially' litaie.
(lie of tuch t.-ii nmust bv based on proper validation, Both the Isroponienis and oppitnetf of the usec or
aptitude tosts hi lte hiring and placement of disadlvantaged groups wem to agree thit empirical validation is

There is a ptublem related to ile Nac that with appropriate training, there is a Suhstrntial
WwiptuilWeat ijn apsitud, ity cr ore With thewe chanjces, do we get corresponding :hwWg in thir job
poftnial or job performance potential of thlt inidividuals? I would like to believe to, but we need, .id I am
sure wo will be seeing, research aimed at ubtalUng answers in this area. Theta have been mony sturl~
shoawing that, with ptacetiet, there is an ircrease 4) (tic cores On aptitude tests. We need it) comipire the
validity of thcsc "augmnined" aptitude test scores with the validity of scores not delibtrately augmelinted by

* pratice on mauterials similar to the test content. For example; Two years ago, In a six-week training
program in basic education and communication skills, a group of disadvantaged trainees Improved their
perfrmance on the language score of the California Test of Mental Maturity an average of 14 mental-age
months While I feel sure that this increase in aptilude test score improved their technical trainabilty and
theit probable job performance to a corresponding degree, we do not have t data to test the belief,

Many per-sonnel directors feel that "personality" factors are Important In selection and in quality (if
job performance; therefore, they with to have measures of personality included in the selection battery.
The lack of predictive potency of personality tests was called to our attention years ago, both by I'uti and
by K~urtz, and most recently by Gulon and Golter (5). We are nut willing to believe thal "personality"
qualities are unimportant or have no bearing on performance either on-the-job or In training. We may not
be investigating the tight habit-atitude clusters, we may be using oUr measurement in the wrong place.
Could it be that we need to include personality measures of the individua relative to similar eitimates of
the chatacteristics of thre job climate or organizational climate complex? It Is also possible that we ire
hobbled by our blind use of linear aggiegatlve statitics

Then there is the "Invasion of privacy" issue, which has stirred cons'derable controversy. I hope the
heat generated by this qu..stlon will product somei light as well, This appears to have developed fromn thp
use of personality tests constructed and validated for use in the diagnosis oir identification of serious

* ~personality and adjustmlent problems in our industrial realm, and in the use of such tests in mesrniel
actions threatening to the Individual rather than in the 'mental clinic" treatment cliniate. Another factor in
ihr situation it that of asking an Individual, essentially, "to unwit:ingly testify against ItinselF." This issue
was well put by Dr, Alinm Westin at the 1966 mettIng of the American Psychological Aissoiation: ",k Avi
element of privacy is that the individual be able to choose the time and place for revealing his innerinimt
seCrts. Otherwise, he is seared by the hot lighit of seletive forced~txpusure under conditions, or at a time,
or by individuals, where such exposure could be threatening to lte individuA."

This does not force abandonment of ifi use of knowledge of individual differences, It does point to
the need of careful validation of the meaurtes used. This does not appear to he of' any great issue in
rank-and-file employment. in which the tests are more likely to be ability and knu'wledgc rather thanj
"'personal indirect." The Issue does comec more into focus in lte selection, transfet. or upgrading o
executive personnel, particularly in those stuatlors where paper-anid-pencil techniques for iesurcinew 'at
personality and motivation are employed.

Another area in which there is sonse stirring is in the selection of iptitiade or Select ion test%. Prrant'tt
(10), U.S. Civil Service Commission, has developed imtoved techfaiquc% fr chtwnifn wselioi tesoh in
terms of their relationship to carefully identified job cements, duties, or functions. I helIivve that lc%i
selection becomes too) stereotyped or perhaps too) "off-hand." We trequen1ly til to do lte kind of stud)
needed for effective teit selection. i.e., a careful job anialysis to rind out what the joh contenti real[) is jand
from this ito infer the aptitudes and even the specific aptitude tests and levc'ts ol scores appropnate for gooid



selectio, Only once in my career have I selected a hattery of aptitude tests all of which survived field
validation, thew tests were selected after several days of interviewing first-line supervises. The jobs
involved sales reprscntativc . and the comptly was not willing to accept the amount of saes iks a reasure
of individual performance. since they believed that a sae was the product of the efforts of many individuals
in many parts of the organization. I asked each District Manager to name his best salesman, and then to
describe this nun, telling me what the man did or did not do, that made him the best salesman: "How did
he know that this man was his best salu man?" I tried to keep the discussio on the track of objctive,
observable behavior, avoiding the traits, cliches, and stereotypes which could not be operationally deflned.
The sane procedure was repeated lot a salesmau he onsidered one of his least effectiv. The interview was
continued until the performance of at least four salesmen had been given and no new information was being
presented. Out of this I developed a much better understanding of the value system of the company and
had a picture of what kinds of observable behavior produced higher performance ratings and what job
behaviors characterized those receiving lower perfoh,,ance ratings. As a result I was able to select tests each
of which showed sign ficant correlation with perfornmnce on the job as valued by the first-line supervisors
and by the Vice President for Sales.

Whenever one discusses personnel research, one is bound to run into the question of "the criterion"
&cote& Dunnette (3) suggests prediction in limited rather than lobal situations. Kipnis and Gckmarn (6)
and others have found merit in using different predictors for high- and for low-aptitude groups. They itso
indicated that they made use of both positive and negative selection in such Situations. The Dunnette model
(4) permits the possibility of the predictor's being differentially us.!ful for predicting the behavior of
different subsets of individuals. Further, it shows that snmiar job behaviors may be predictable by quite
different patterns of interaction between groupings of predictors and individual. At the sue le'e of
perlonnanL'e, such predictors can lead to substantially different patterns of job behaviors by different
individuals. Finally, the model recognizes the annoying reality that the same or similar job behaviors can,
after passini through the situational filter, lead to quite different organizational consequences.

Then, there is increased interest in the relationship of ogmizational characteristics to job
performance. Potter (9) has pointed out the need for combining the studies of organiztional effectiveness
with the concepts of individual differenes. This amounts to saying that we are not taking into
consideration enough of the total work performance situation. I haven't seen it tried,bullct us consider a
situation in which one can obtain a validity of .60 in prediction of on-the-job performance, using
characteristics of the individual as the independent variable - such as aptitude test scores, educational
history, work history, biographical information, and so on - characteristics belongling uniquely to the
individual, Then it should be posible to obtain a correlation of at least .50, using the characteristics of the
worker's work situation, i.e., using only variables outside the skin of the individual worker, If we could use
both sets of predictors, we mtght be able to improve our prediction; certainly we would be better able to
understand the nature of work performance.

In constructing criteria we still use, too often by default, ratings of performance. Frequently ihese are
the only measures available. Two kinds of effort to improve this situation are appearing.

There is an increased effort to evaluate on-the-job performance in terms of the accomplihment of
specified goals. This is derived from performance appraisal in terms of objectives. Wallace (13) reflects the
importance of using the attainment of key performance goals as criteria, i.e., as measures of job
performance. Far too frequently these have not been defined nor spelled out for the individual.

The second kind of effort is the increased use of objective, observable employee behavior as criteria.
Such observable employee performance must itself reflect value to the employer. In the 1950's, Fryer used
one-year retention as a criterion for validating selection tests for employees in the Arabian-American 0il
Company. Using this criterion, he screened and validated adaptations of our simpler oral intelligence test
quest ions and problem.
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The study reported by Katzel and Merrihue (8) was an attemrpt to obtain opletwtior4- answers to thle
question often asked of managers, "Can you estimate employee morale withont giving them questionnaires
to fill out'?" Their answers were universally, "Yes". They indicated that they used such evidences as
abattltechi diwiplintry aCtinl, participationt in corripany bentefits, posture of the shul4e suggestions.
gglevawcs, accidents, gearn in the eye, and so on, This study started with the hypothesis that "employee
niale" Is reflected by whatever is common to the observable, nmeasurablc evidences suggested by 'the
mitniSm as their bame fix estiming morale. The indlex, Implvycee Relations Indicator (EKI), is the laigevt
cetroid factor common to the behavioral evidences noted above. While this index was derived for work
groups, the most important finding was that in a sample of 40 industria plants, the index was shown to
correlate between .40 and .55 with plant productivity and proffit, the components ot the mdtx Weft not
themiselves direct evidences of specific performance objectives but wert interpreted as associated qualities
or bthavior surrogates,

While the index was used more as a measure of organlutonslJ performance. it suggested the rrm-rit or
more inteiaive exploration of objective behaviors to reflect the quality of individual on-the-job
performance.

In developing criterion measurements of quality of performance of mine foremen, a count of the
number of work delays on each shift mn each mine covering a one-month period was obtained. The number
of work delays showed a correlation of -.40 with average managerial rankings of the quality of perforniance.
Work delays correlated only -. 13 with peer rankings.

In the study of the performance of Waesmen mentioned above, where the sales book could not he
accepted as the evidence oif productivity, it was found that entertainment of customers and prospects was
deemed important. In this situation, the annual cost for entertainment was found to L. rrelate substantially
with manalgerial rankings of quality of salesmen.

In constructing a criterion for quality of perfumunce of two samples of 6;henmts, rarixings, of the
quality of performance of these chemists were made by their immediate and next inimediate superior%.
Then it was found that the industtial engineers, in trying to better define the duties of' chemists, tad , '.ie
recently collectod ratio-delay observations for these swme chemists. The data of the industtiA cnigtneerur
study were reorganized to reflect two crtegories of percentage information, namely, thre percentage ot
observations in which the chemists were found doing somethsing technical and the complementary
percentage in which they were doing something non-technical (iLe., mvaking routine computations. washing
laboratory glassware, smoking, etc.), The percentage technical activties showed correlations of .7(1 .md .76
with the average of manager's rankings of quality of performance. and .48 and .73 with average %sAlar
increase for thle preceding five years.

There have been several studies touching on the question of "style" of the individual, indicating that
different kinds of individuals might be able to perform the samne job equally well, and that there is no one
rLbxd pattern of aptitudes or style which would produce or be required to produce adequate Pefrliliie.
There may have been, somewhat divergent approaclses to this matter. Studies of individual differences in

* style have reflected the concept that there can bec differences in the way an individual sees his role and
differences in approaches it) a job which can yield comparable results. 1ies do not sei to K- cto%elN
related to studies of thle relative performance otf democratic group organh/ations asN compared tol
authoritarian patterns of action.

The organizational or group approach shuwil that different pitterns of group orginiiaiii .i1id
commuunication do produce different results, particularly it, such areas, j% dcosion likrrg .ind in tlic
organizational locus of decision. Thew. studies include those reporied hy LS.s II siid hN tLikvrl Poi ter V'D

* ~comments in the 1966 Annual Reviewi of! I'ssrcwog) that ticse sudie% need ito he linkcd t-1 iridi idial
differences (and vice versa).



Over the years, evidene has a"umulated which shows that the aptitudes for perf'tnniice on-the..ob

are relat'd to the ways i which performance is evaluated, I.e., the performance criterion. This points to the
need, in constructing criteria, to lookig very carefully at the organiational 4oali and especially at the
objective evidences by which these may be operationally reflected.
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Introduction

Although this paper, as the title indicates, is concerned with
personnel research conducted by the Bureau of Naval Personnel, this
does not imply that only the Pureau of Naval Personnel conducts or
supports personnel research in the Navy. The Bureau of Medicine
and Surgery has a vigorous in-house program of persinnel research
which is addressed largely to the problems of adjustive behavior,
character and emotional disorders, and behavior under stress and
solation. The Office of Naval Besearcli supports an extensive
program of behavioral research under con!ract. The materiel
commards support research concerned with human effectiveness in
weapons systems. Nevertheless, because of the limitations of space

and time, this paper will deal onli) with personnel research of the Burau of Naval Personnel. No attempt
will be made to give a complete account of this Frogram. the items discussed in the following pages will
serve to illustrate the problem areas of current interest.

I
Early Origins

In keeping with the spirit of the twenty.fifth anniversary of the Air Force personnel research
piogram, it is proper to point out that the Navy, too, should be ,;elebrating its twenty-fifth anniversary of
personnel research. While official Na y testing for selection purposes started about 1924, a Navy research
piogram did not exist; the development of the then current selection test was accomplished with the aid of
the U. S. Civil Servic2 Commission in which Dr. O'Rourke was then director of research.

The advent of World War II brought with it a recognition in the Bureau of Naval Personnel of the
inadequacy of the existing personnel research and development resources for meeting the changing demands
of an expanded Navy already girded for war, As a result, the seed which became the present Personnel
Research Division was planted, circa 1941, 4nd an active program of test development was conducted during
the war y-ars. The po.'.-wsr demobilization considerably reduced the size of the organization, but ir' 1051
personnel research in the Bureau of Naval Personnel received a "shot in the arm" in the form of systemiatic
and continuing supt..,rt with R&D 7unds. This funding has been steadily incre;a-ed over the past fifteen
years so that the Biaeciu of Naval Personnel no, possesses an organization of' 12 to ?5 pruiessionals at the
headquarters office in Washington and about 31) in two field laboratories located in Washington, D. C. and
San Diego, California. This is a result of increasing attention on the part of the Navy to problems of'
personnel administration in a military world charactc-ized by increaing complexity in weapons and
weapons systcns technology.
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Selection and Chlasfication Reseac

Since the aim of selection research is to improve the identification of differential abilities and thereby
to optr-e the nutch-ng of mn n .'d jobs, the slection and clastication program has been directed
toward four major goals: increasing the overall validity of the enlisted classification tests, streamlining test
procedures, identifying new dimensions of human behavior that are predictive of mflitary performance, and
exploiting automatic data processing techniques in the assignment process.

The Navy Clawlwttlon Battery

The composition of the Navy en'isted classification tests has changed considerably since World War !I

The average intercorrelation of the tests has been reduced, and the overall validity of the tests for
assigment to about 70 schools has been raised.

In the most recent study to improve the differential validity of the Navy Clasification Battery (2), a
Naval Knowledge Test (NKT), a Biographical Information Blank (BIB), and a Nav, Activities Preference
Blank (NAPD), i.e., an occupational interests inventory, were added to the existing test. for experimental
evaluation. The criterion performance was final whool grades.

While the advantages of unique sets of predictors and weights to optimize assignment to each cf
about 70 schools were fully recognized, considerations of economy in processing of test results precluded
such an approach. For practical reasons, a limited number of prediction equations based on groupinp of
similar courses was the best alterniitive. Groupings were determined Ly similarity of curricula, similarity of
interests, patterns of validities, and results of a factor analysis of predicted grades derived from actualregression equations. The analysi yielded four occupational groukpings: Clericael, Electronics,
Electro-mechanical, and General Technical.

The major findings of this development and validation study (2) were essentially as follows:

1. The Naval Knowledge Test, expected to measure interst in Navy occupations, did not add any
significant variance not already accounted for by other tests in the battery.

2. The Biographical Information Blank showed very little independent validity.

3. The Arithmetic Computation section of the Arithmetic Test tended to depress the validity of the
test (and was consequently removed).

4. The Shop Practices Section of the Electronics Technician Selection Test proved to be a highly valid
predictor of grades in the mechanical and electrical schools. (Therefore, the Shop Practices Section was
lengthened and incorporated in the battery as a separate test.)

5. The Navy Activities Preference Blank, an interest inventory, did not prove to be a useful addition

to the battery.

6. The median intercorrelation among composites of the battery was reduced.

7. The new battery yielded an increase of approximately 5 per cent in the number of recruits eligible
for assignment without any loss of validity.
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The Ucarch for new and independent dimensions of behavior to be measured in Navy classification
batteries has not been very rewarding, although there appears to be some promise of improving
classiflcation by means of tests developed by Kipnis which tap noncognitive abilities (3;4;5;6).

Autonmtic Tet Scoring and Reporting

The auioration of test scoring and reporting of results has been under investigation for a long time,
but many administrtvive problems conspired to delay any effective progress in this direction until very
recently when automation was given considerable impetus by the emergence of practics) techniques for
computerized assignment of recruits to schools. At present two optical scanners, installed in the Naval
Training Centers at Great Lakes and San Diego, provide the basis for rapid strides toward autoinatinig test
scoring and reporting of results.

Computerized Asignment

A significant portion of the management resources of the Navy is conuitted to the procurement and
processing of more than 100,000 recruits each year. This aspect of personnel management is so vast and

costly an enterprise, involving policy decisions at the highest level of management in the Navy, that even a
slight gain in efficiency can result in savings of millions of dollars. The means to achieve such a gain in
efficiency is at hand as the result of a project conducted by the Naval Personnel Research Activity, San
Diego. This project bepis the acronym COMPASS (Computer Assisted Assignment of Recruits).

The central aim of COMPASS is to apply computer technology to the complex problem of matching
men and jobs at the school-assignment level. The problem is complex because it involves assigning each
week, at each of two training centers, i,000 or more men of different abilities and qualifications to about
70 different occupational categories on the basis of various combinations of about 30 prerequisites. The
optimal distribution of human resources under such circumstances is obviously beyond the capabilities of
human beings.

The inability of personnel classifiers to consider simultaneously all men, all jobs, and all prerequisites
is evidenced in many comparisons that have been made between manual assignments and computer1 - assignments of the same input population under the same quota requirements and under the same
constraints of qualifying prerequisites and personal preferences of recruits. The computer always effects a
superior match of men and jobs as measured by more adequate fllling of quotas and by a better qualitative
mix of assignees. All of which increases the probability of success in school and on the job, the probability
of greater job satisfaction, the probability of more effective utilization of school facilities and curricula, and
the probability of better meeting our quantitative requirements for skilled personnel.

The problem of optinml assignment of all perstnnel to all jobs is not a new one, nor is the basic
solution a new one. AlI the military services have been devoting a considerable amount of thought and
effort to this problem over the last 25 years (7;8.9;10; 1 ;]2;13). The suggested solutions were not quite
practicable prior to the present day computer, however. In 1964 the Navy was experimenting with an Army
version of the solution and was conducting simulated assignments when the Marine Corps became hiterested
in the problem. As a result of cross-fertilization of ideas among Army, Navy, and Marine Corps, the Navy
was able to initiate COMPASS operationally at the U. S. Naval Training Center, San Diego, in November
1965.
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COMPASS at San Diego consists essentially of the following t'our computer progamse:

I. PROFILE. This program provides a printout for each recruit which indicates the schools to which
he may be aWignd, considering both his ctlosifiation test scores and the restction imposed by the
recruiting program under which he entered the Navy.

2. SCREEN. This progsrt rvsws the assignment recommendations made by the interviewer to
insure that each recruit nmtts the various qualifications of each school for which he Is sconunended. The
program detects errors made in recording and key-punching information obtained during the interview,

3. OPERATE. This program is the actual school auig-ment procedure. It uses as input each recruit's
test scores, the recruiting program under which he entered the Navy, months of oblipted service remaining.
assipgment recommendations m we during the csification interview, specia qualifications for specific
schools (uh p secudty cletrance and Physia requirements), ad sechoia quot for ech of the more than
70 school to which assinments must be nede, The mjor criterio for assipmnent to school is the ranm of
selection test scoes on, usually, two of the clssilfication teot% e.g., Arithmetic plus Mechanca tests. This
sum Is multiplied by a weight accordinl to the recommaindations made in the claulifcation interview. This
program then maiie the sum or weigthted score for all available men, for all schools, within the
limitations imposed by quota requirements and special enlistment iorograms. The progrm does not insure

that each recruit will be assined to a school for which his selector score is highest- nor the one for which he
is most strongly recommended. The solution reached is such, however, that the best overall use is made of
the availe manpower.

4. GEN-DET. This program identifies, by specific occupational codes for assignment, those recruits

who were not sent to schools by Program OPERATE. The program recommends assignment of specific
Navy enlisted occupational codes for about 80 per cent of the non.chool men, using criteria established by
classification personnel. The remaining 20 per cent of fleet-detined men must be assigned enlisted codes by
hind when interviewer recommendations and rating entry quotas do not match.

As previously mentioned, COMPASS was introduced operationally at the Naval Training Center, San
Diego, in November 1965. Programs PROFILE and SCREEN had already been in operation for several
months, and their value in freeing the clusification interviewer fron routine clerical operations and

performin these operations more accurately had been established. Comparisons of COMPASS with hand
assignment procedures for the same input population and quotas indicate that COMPASS fils more school
seats while maintaining or increasng the level of quality of personnel asigned to schools.

Experimental comparisons were made between manual and computer- assigned procedures on a
typical week's input of 905 recruits classified at the San Diego Naval Training Center in April 1964. For
this sample of 905, which had a total school quota of 545, final school grades were predicted both for
recruits actually assigned to the schools by clasifiers and for recruits for whom hypothetical school
asignments were made usn the COMPASS assign nt program. The entire quota of 545 would have been
assigned using COMPASS, but only 487 menr were assiped by the conventional method. The comparison
proved that the average predicted fina shool grade of men who would have been assigned by COMPASS
was about 1V points higher than that for the hand assignment actually made. This difference in average
predicted final school grade would have been even greater in favor of COMPASS had only the top 487. men
from the 545 assigned by COMPASS been considered in the comparison.

The current version of COMPASS is an interim system, operational only at the San Diego Naval
Train Center. While this operational demonstration was being evaluated it became apparent that a more
.,mprehnsive system encompassing both training centers (San Diego and Great L4es), and controlled at
the Bureau of Naval Personnel in Washtington, was not only feasible but more desirable. In the event a third
trining center were added, it could readily be accommodated into the system at little extra cost. The
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I
pricipol advantages of a centalrzod ytm are two-fold: (1) It can oaidor 7 the avaiab penronel to
match &V the quotas and job assinments i nstaously; (2) It can take into account asportation costs
from the trainh center to the next assignment and can USa off " coss agmins other relevant
co rations. Centralization will thurfore prowde Improved optimozatio of rorvt aenpment through a
fit*, efficimnt ulutn in any Sian period.

In Vlev of the pan fo a m is comproahaive cowpter-baaed systm of maaigpir rocruits to uchools
and to the feet, the oglea verdo of COWPASS is now referred to as COMPASS MOD 1. The mose
comprehensive version referred to as COMPASS MOD 2.

Development of COMPASS MOD 2 was launched on 30 September 1966 with the expectation that it
will be opertIonal by September 1967. Designed into the system will be data transision capabilities
between the Great Lakes Naval Training Center and the Bureau of Naval Personnel and between the San
Diego Naval Training Center and the Bureau of Naval Personnle If and when a third training center is
estli at Orlando, Florida, tranaunsion capability between that center and the Bureau of Navel
Personnel will also be developed.

Reaton

In war time, with the nation fully mobilized and the mobility of personnel under control, retention
of personnel in the armed services is taken for granted. But under conditions of cold war militay
operations, the personnel turnover rate is a serious problem. What the optimum rate should be is a question
that is confounded by questions of economics. Nevertheless, it Is quite certain that in some categories of
personnel, the mt^ is far too high and in others it may not be high enough. Thus, we have a problem of
personnel research not faced by our premd r in World War 1. Consequently, a good deal of effort has
been devoted to devising techniques by which career proneness may be identified.

Ealisted Retention

About all we know today is that of all the personnel who enter the Navy voluntarily, a small
proportion of them ultimately decide on a career in the Navy. When the obligted period of service ends,
reenlistees come from those who initially indicated a negauve interest in a career as well as from those who
indicated a positive interest, although the reenlistments from the positive interest group is about twice
those from the negative interest group (14). But developing instruments by which we can identify the
career-prone individual with any reasonable degre of certainty still eludes us. It appears that one question
concerning the enlistee's interest in reenlistment for a career Is just as good as an elaborate questionnaire in
predicting career potential (14).

A study currently underway (15) was designed to determine what variables are related to retention
and to what degree. The variables include socio.econond, service, and personal factors including attitudes
and opinions. The criterion measure was whether or not the subjects in the sample of 5,000 reenlisted.
Analysis of the data showed that 59 out of 85 items in the questionnaire were significantly related to
reenlistment. Results from this research will be utilized to identify current personnel-related policies and
practices which my require review, either to increase their already favorable effects upon retention or to
minimize their negative effects. But conclusion as to the predictive nature of these data must await
mult~iaite anayses
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Offleer ktenton

In connection with the selection of candidates for the NR CIC (Rtular) solution program, which
includes a subsidized 4-yea college education, the need to identify applicants with strong Navy caeer
intentions led to development of a self- r .lptin blank, the Cartr Motivation Questionnaire (CARMOT),
Whle tWs test showed considerable pro-nse of discriminating career from non-caeer motivated applicants
on the b4sis of its concurmr vldity, oitudinal studie domonstrated the irdequacy of this
questionnaire when ltbjeed to the morm rigorous test of predictive (temporal) validity. That is to tay,
over a span of eighlt yeas, when the career decision criterion became available, the predictive validity of the
lest was substantlaiy zero. This led us to seek other avenues fo wauing career motlvatio. Currently we
ae studying the validity of a Navy officer key developed by our San Diego laboratory for the Strong
Vocational Interest Blank on the asauinption that vocational interest is tantamunt to career intetelL 1h
key shows zonuldetable pronise for identifying occupational into-rest and choice in a Navy career (16),
Whet- er its validity will hold up over the lons run (four yew of college and four years of obligated service)
is still a question to be decided by longitudinal studies currently underway.

Trabia Reseh

The aims of Navy training research have undergone a gradual evolution since the inception of the
Navy personnel research program in World War II. In thce early years traling research was viewed largely
as a program of developing achievement tests and evaluating training effectiveness. Today we are concerned
with bigger isues. The sun of current training reseach in the Navy, as reflected in the program of the Navy
Training Research Laboratory of the Porsonnel Research Activity in San Diego, is two-fold: To conduct
research and development which will yield measurable improvements in Navy training efficiency and, in the
Iong run, to develop generalizations or principles which will constitute a theory of training technology with
wide application and utility in planning, designing and executing Navy trainSng progamLs. More specificay,
the rust aim is to find ways and means by which to:

I. Increase the proficiency, skills, of levels of knowledge of Navy trainees.

2. Reduce trainlng time required to meet specified ob*jectiveL

- 3 Reduce training complexity and prerequisite aptitude lvel.

4. Reduce faiure rates for a given ability level of the trainee population.

S. Develop techniques which will facilitate shipboard training.

6. Define trabdn objectives and standards in relation to ieands of Navy jobs.

The second alm of the tainin research prorm is suppor" i y studies designed to:

I. Investigate problems in transfer of training such as transfer from training devices to equipment on
the job, from knowledge to performance, and from one equipnient to another.

2. Investigate ways in which instruction can be programmed to promote maximum effectiveness in
tr ieninde

3. Ivesigae rlatonsvip beweenindvidal iffrana i apituds ad efeciveessof ab&



4. Investigate problems of job simulation fr training purposeL

3, Develop methods for validating training Programs.

6. Investigiate relationships between training content and training methods.

7, Develop appropriate measutrment methodology rut use in tiaining research.

Consistent with these plans an experimantal training program in cooperation with the Fleet
An[iSubtnarine Warfatt (ASW) School resulted In signilficant improvements, without arny increase in
training time, in the maustery of standard teat equipments used in electrtals maintenincet (I 7), Studies in
prrjurwnnt ifsmeiorJIOt demonsuated that bsitlh programmed ins~truction without an instructor and

* ptoiantumang the niaterial1 presented by the instruc~tor were superior to conventional Ijstruction used by 1he
ASW school (18). For lorsgtrange purposes we have engaged in a seriev of classified studies on individual
dtfferences in ability of sonar technicians to discriminate, assess, and ,ise cue% from auditory and visual
displays in target classification. The findings from this research will have a bearing on instructional methods
In this domain or training.

Recent studies in Ants'Air Warfare training include an experLisental corlwariv~n of techiquts for
teaching computer progr flow-clisrt design to officer trainoes In computer programrnn ng (19). tusing two
methods and two lengths of prac ice on four groups of college studetts, the only significant vaiiatile was
found to be quantitative aptitude, It was concluded that selection is nioic imporlant than methods of
training when deali with computer programmer training of officersI ~ ~An important par of any training system is the desig of new courses or redesign ol existing courses
to keop up with chaing& requirements. In order that this may be accomiplished effectively by available
instuctonal personnel, an approved miethodology of course design is required. Accordingly, the Navy
Training Research 'Laboratory at gin Diego developedl a vtry useful mutual for instructors who design or
redesig courses in Navy schools (20).

In the field of simulation uf warfare mnvbroiinerits and conditions, efforts are being directed toward
developing problem exercises for feiin; training. The vehicle ij a computer-bastd complex simulatingl tactical
combat dizection and advarwed elronic warfare.

Experimnental TsaainS

The increasing demands for men. of high intellectual caliber to fill billets in tht electronics
nmaintenance occupations led to a consideration of the teasibility of expanding the potentia pool of eligible
men by lowering aptitude qualifications and reducing the complexity of training.

Consequently, an experimental course for electronics technicians was initiated at the Navy Training
t ~Research Laboratory of the San Diego Perisonnel Research Activity with the following rationale:

1. The experimental course would be aimed at personnel who possessed aptitudes about onc-htalf
stasidard deviation lower than the minimum for the regular course, who would not be likely to undergo, any
advanced training. and who would not be ikely to advance beyond pay grade E~4.

instucton o~dbe eliminated without sacrificing the effectiveness of the graduates in performing the
as i .e Ad cot i de ra l a m u n ofe m a h e at c and th oeg rl m trad et n.n l de n e e r n c



etnpli4W on lrcvetttive, routine, arnd corrective manteace :aski assigned to techa~Nicar at pay grades E-3

4Because he emphasis wudbonpractical rtfthntheoret ie ators inelectronicans. h
aptitude% required for admission would be lowered, greater numbers of men could becorne eligible for
etfunic trainig.

weAccordingly, five classs of 16 students each, with aptitude scores about aneualf standard devistim
lwrthan normally requited, were trained under a ctirrlu oft ectrotact training revised In accordance

wit the ruvregoing rationale, The length of the course was a weeks less than for the usual 38-week course
for electronics techn!iins. The W5 graduates of this course have sinc been assiped to destroyers in the
Pacific Fleet whet* they are currently the subjects or followup evaluations. Preliminary information from
serveral ships is very encourahing, The immediate usefulness of the graduates aboard ship has been
acknowledged, They appear to be working out well and art performing corrective ad preventive

maintenance expected at the E-3 and E-4 pay grade. The formal analyses of the followup data on these men

ill tefrmiof the effectiveness of the experienta c u tiaraouh adminsraive steps have already - -

Teefon eprienoiytal ctraiclu of week duraot wihtobate eveoe adtn, ies wf psie

tha th suatie of eladarnomnic aione quimeseI the abraorepas of Naa esn elecr ongidsbtraining
cdebstivuted forg teal dil expenive tqoment orv thpe a weaily availlet ofne
enstherL ha relaieln inpensita aloguwe comuri aetos emedtoether op with sardupnto
adancTe couer enerate the30 desredentos whic wterti e paed on te panels whck-rupsn
Ifesie fhora o dransiei ofl efone penelistman iteraly cirutofesvatiupe. of qmendont
ineeand to yI the stavydardael tao provide somec riefe sudesewud aporae tesbeit quldmet

dpeorate test pint a outhe mocl-uprowhich prxdte testican acepoitsoe el equipmpeente.
Thereore an mathermts)wr iidi curriculum th es uat was devepd, for thin xeietwa traiiied
thtoturseTin of theza courwsto tin heqsudpents in aticaboprodryaes of eetoi an crecive

mthenaelf and fauivl locelpzntion naou 0puerw emeekse (22). it ttidpneso

dits The 16mpsteudensweateed the eperucimenta whcush were assignyed o hepastros andhv
liesen availoleas oubjeraing fowp tevalton Teel mntsa aftrutr oaisignment theipenor
were dfieced to tevaluna thmand to eroaluatsea corabl Te stont usdprou rae tosth epenfo
unusa amrouFCts onts of -h-o trhiningkandssuwhrision.prsxwellea the adequacynt of the preaatinrte
losTheyanmahtc were occupyng. Aninnuso the uriorsm ratings howsed hot wthion exeioenta they di
notursegeardo the clgourse whhad reevdtoweso trainthsudnsiprcigand oexoures o realpentv as oretv

sprOr toe1 tdns h nee the experimental cruonunrf h arals,he eeo asge ao suroyrs ho I p hovu e
tweerimalbentas subjects ascing nepesaryatining ihreecroncsafe ther asnet thenra spristls
predeed to rvuitht kheowledt lae (24).bl oto Sopi esett hene o

unsul muns f wh,,JbWiin adsueriio. s el s h aeqac f herprpaato fr h



At-, jut six~ monilit ae a seriet of prfleny test$ developed by the Hiecironiks Personel Research
Group at the Itlnivorsity ' Southern California was au. ftnstered to the uane sublets anid Is, it ontrol
group. Again the performanceo curel of the experimental and control groups were not significantly
different except an A ii tst fieavily loade with theory which favored the control group (24). Subsequently
the expcrimaentil subJects and a control group were Adnsatared a serws or troubleshooflin Ferformance
tests on tctual equipment., While the results of Ithese tests have not yet been analyzed. a perusal of the dais
conveys the tinpresalws thW the exiperimental group sgain did to well as the control group, Although neither
group did as well as might be datied.

The results of thesw experiments seem to indicate that there is curnsidetAble promlse in shortened
training and In ;he use of relatively iMivt simulation tezcbnlquea in tht tiining of ekcironcs
technICians.

Modern conceptions of hystern effectiveness take into account the human component as weU as the
hardware components. The needs to determine the "desig speijificativns1' of the human component has led
to a need for detrmtirnn and specifying human performance standards related to total system
effectivenessi. This need is especiliy apparent when military commanders and planners require Information
concerning the degree of readiness of their weapons. units. or forces for combat operatloos.

The need for a method to measure and predict the humian contribution in a "total system" context
led to a atudy under contract with Dunlap and Asrociates (25; 26) entitled Techniques for Establishing
Personnel Performance Standards (TEFPS). The major gbn has been to develop a model. with general

applicability to any system, which will provide the following capabilities:

1. identify the personnel/equlpmewnt functional units comprising a system.

2. State the contributiono'f each personnel/equipment functional unit to system operation.

3. Determl ne the performance standards for each _personnel/eqaipmtfrct innal unit that are
related directly to system effectiveness requirementS,

4. Test the effects of deviations firom performance standards on system effectiveness.

Figure I outlines the data and procedures; required by TEPPS. The technique involves analysis of
system Into describable and useful units of personnel activities, i.e. performsance/equiprmnt functionial
(PEF) unltL AUl the available data of a sytern afe studied in order to define the required iystemn stiles which
are implicd or specified by the equipment design (27). Findings are oirganized and diagrammed in dtail to
form the Graphic Stale Sequence Model (GSSM). This serves as the basis fur generating a mathematical
model of the system, (he Mathematical State Sequence Model (MSSM).

By means of the MSSM. standards are derived on the basis of assumptions conerning intrinsic
relations among PEF units. Standards in terms of probability of performanc andr time it) perform may
be derived for each PEF unit and for every potential configuration of the system if there are alternative
ways of performing the system's mission.

The basic method of TE~PPS has been defined (25), although since its inception, it has undergiine aI continual process of extension and refinement (28). Plans have been miade for evaluatiun of the motdel by
operating it in the setting of a simulated system.. Assumting a successful outcome of this evaluation, thec next
step will be an evaluation of the technique on an operational system.
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I
This technique for determining system-releted performance standards for the human operators offers

consietablc promise in the following spplcatons:I i i. To quantity human performance levels demanded by system effectiveness requirements.

2. To delermilne the optimum trade-offs between hardware and human pcrformance capabilitics.

3. To validate predictor tests and batteries against job performance measure .

4. To provide a basis for defining training objectives.

Electronics Maintenance Research

Related to the foregoing selection, training, and performance research is a program of electronics
martainability research supported by the Office of Naval Research in which the Bureau of Naval Personnel
also has a heavy investment. The prolgram Is conducted by contract with the Electronics Personnel Research
Group (EPRG) of the University of Southern California. One of the interests of the Bureau of Naval
Per;onnel in this progrn of research is to develop a mooel by which trade-offs may be effected between
equipment design and personnel training. Such a model would be very useful in planning as well as in
procuretnt of weapons systenL*

The Electronics Personnel Research Group (EPRG) maintainability program is a multidisciplinary
attack on both personnel and hardware problems which must be solved to improve the maintainability of
electronic equipment in the Navy. The program staff includes psychologists, engineers, computer
programnmers, and electronics technicians. Project teams work on interrelated problems of assessing the
proficiency and improving; the training of technicians, developing models and other quantitative tools, and
improving hardware and software design.

It is axiomatic that the engineering design of electronic equipment also results in a specifiable
L nltennce workload for that equipment. -As a consequence of the way it is designed, electronic
equipment has certain corrective maintenance requirements which must be met by technicians performing

corrective maintenance tasks. The number and kind of these tasks wil depend upon the corrective
mainlenance requirements built into the equipment, and upon the way the technician-equipment interface
is designed, where interface Is broadly defined to include hardware, test equipment. and software.

A fundamental assumption of the maintainability research program is that the corrective maintenance
workload, represented by the tasks that must be performed to fulfil corrective maintenance requirements,
is the starting point, on the one hand, for teasing out hardware variables which can be manipulated to
reduce this workload, and, on the other hand, for identifying training and proficiency variables which can
be manipulated to improve the performance of it. The research strategy is to have different project tcams
develop specific tools in their areas of responsibility and to combine these tools into an integrated model.

As the work has proprewsd, the orientation of the psychology side of the program has become more
and more concerned with problems of technician proficiency Lnd training in the present-day Fleet. This is
because of the fact that much of the equipment th t now exists in the Fleet will continue to be used for 5

* The suchor gratetulIy achnowledge % the ,L.i ai-n-e D lr. )Doseph Itj;n-y, I'rint pal Invtigat. ,It
EPRG, in developina the following dijsu+.ion of cle +Orlit h mainCenI lltv I ?%.r h.
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to 10 years. This equipment cannot be redeslne I e Fleet -.ust live with it. Therefore, any Improvements
in the availability of this equipment brought reducing Mean-Time-to-Repair figures rust come
about through improvements in the effecr :'s the personnel who m~e perfonining corrective
maintenance on it and in improvements in the urc., for maintenance management.

Job prof,,..ncy tests hive been developed fur resentative equipments .?.Jrrenuy in the Fleet and
have been administered to samples of techniciarnr to i-ssess their corrective maintenance capabilities. The
results of then performance tests indicate very strongly that the technicians who actual,, are responsible
for performing the maintenance on equipment aboazd ,hips are weak in certain essential skills, such ac the
use of test equipment, fte ability to recognize whether or ot equipment is perfomi up to standards, and
the ability to do fault localiiation by using front-panel sympams. These ficiencit? a in blie part
attributable to the fact that, although all technicians go to a basic school (Class A School) and receive
training in basic electronics, not enough of them can go to enough different special schools on specific
equipment (Class C School) to learn the characteristics of all the different types of equipment that they
find aboard their ships.

Any one technician on a destroyer may be responsibI" for the corrective maintenance of four oi five
different kinds of equipment and a total of perhaps a dozen sets. The picture is even worse on a ' l tike a
Destroyer Escort. A Class A School graduate simply does not have the opportunity to learn enough ab,,ut
all these different equipments to meet effectively their corrective maintenance requirements.

This situation led to what might be called a cognitive unburdening concept. Using the AN/URC-32
transceiver as a vehicle, a fault locator in the form of a small, plastic, hand-held job-aid with an
accompanying manual was developed. This device, called the XFL (for Experimental Fault Locator) was
evaluated in two studies. In the first, radio operators, who had almost no electronics training, were taught
to do fault localization by using the XFL (31). It was demonstrated that Radiomen could do fault
localization with the aid of the XFL with a high degree of success and within reasonable times. For six
malfunctions the mean tihes to solution required by these umki0ed personnel varied batween 3 minutes
for the easiest problem to 17 minutes for the most difficult problem. Even on the most difficult problem,
80 per cent of the Radioman were able to obtain a correct solution within the one-hour time limit. In a
second study, three groups of Electronics-Techniciars were used (32). One served as a control group. It was
given no training of any sort and was not shown the XFL A second group was given trainrig in checking
out front-panel symptoms on the transceiver but was not shown the XFL and did not use it. The third
group was given training in checking out front-panel symptoms and was taught how to use the XFL. The
group that was taught to use the XFL did significantly better at fault localization, circuit isolation, and
component isolation than did the two other groups. The group that was taught to check out the front panel
but was not taught how to use the XFL was able to do troubleshooting at about the same speed as the
group using the job-aid, but they were not able to solve the harder problems. The control group did very
poorly, both in terms of time and the number in the group solving the problems.

The XFL represents an implementation of cognitive unburdening. It is a way of impioving the
corrective maintenance of equipment now in the Fleet, within the context of the realities which -.xist; that
is, the fact that most of the corrective maintenance that is done is done by Class A School graduates who
do not have the breadth of knowledge of the different equipments that they need. A job-aid like the XFL
f'dls that gap by making it unnecessary for them to know the symptom-malfunction relationships at the
fault localization level for each of the equipments for which they find themselves responsible. This concept
can be implemented in a number of different ways; the XFL device represents only one of these ways.

Another is represented in problem-tree charts which portray the entire logic for fault localization on one
large sheet.
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A considerable amount of work has been done on the question of how training of technicians might
be improved. This has taken the form both of analysis of training s a process and of the development of
specific recommendation. Examples of the latter are training objectives for corrective maintenance on the
AN/URC-32 and on the AN/SPS-40 radar. These training objectives have been dveloped in extrere detail.
They are a specification of the kinds of terminal behaviors that t technician should be capable of as a
consequence of 'Clas C School training on this equipment. While training objectives age a first step in the

development of a training program, a second step conuits of deriving learning objectives from these, and a
third step consists of developing methods for accomplishing the training. Development of learning
objectives involves Identification of the skils and knowledge that must be taught technicians to enable
them to meet the tralt~nS objective&, Although thes reeotwnndatiorns will be supplied to the appropriate

individuals in the Navy, it is anticipated that they will also be used as a basis for experimental training
courses to be developed and administered by the EPRG staff, utilizing recent developments in programmed
instruction and computer-aided instruction.

As was pointed out, a major objective of the maintainability research program is to develop the tools
necessary for dealing with such questions as how engineering design configurations affect the corrective
maintenance workload and the training that must be given a technician who is supposed to perform that
corrective maintenance. In effect, what is needed is the identification of the relationships across training,
task, and design domains, and the development of tools and models which can be used to quantify their
effects.

The first of these tools developed by EPRG was in the area of troubleshooting. Those parts of the
corrective maintenance task spectrum which involved troubleshooting have long been known to be very
difficult for technicians and responsible for a large part of equipment downtime. A quantitative model of
the troubleshooting process was needed in order to evaluate technician troubleshooting proficiency and to
reduce troubleshooting to an orderly process that could be related to design and training variables. A model
incorporating a Bayesian processor was developed and was implemented by a digital computer program
(33). This computer model, called BETS, can troubleshoot electronic equipment if it is provided with what
is called the symptom-malfunction matrix for that equipment. This matrix consists of the symptom
patterns produced at test points by each possible malfunction in the equipment. The BETS program steps
through test points one at a time. At each step, it computes the probabilities for all of a set of defined
malfunctions. As it examines the symptoms at each additional test point, it fecomputes these probabilities.
The process continues until it converges on the solution; that is, one of the probabilities becomes one and
the rest become zero. At that point, the malfunction has been located, and the program stops. In looking
for the next best test point to go to after each step, the program examines all possible next moves and
selects that one which will be most efficient; that is, which will move it the greatest distance toward a
solution.

This model has been used for several purposes, among them to score technician troubleshooting
behavior. A special type of performance test was developed in which the exact moves and the sequence of
moves of each technician could be recorded with IBM cards. The efficiency of these human tro.bleshooting
sequences then could be compared with the efficiency of the BETS sequences for solving the same

probiems. In two studies using this technique, it was found that Class A School technicians are only about a
fourth or a third as efficient as the BETS model.

Other data collected in these studies resulted from the administration of a symptom-mald unction
matrix (S-M) test. These tests required the subjects to con'plete each cell in a symptom- malfunction matrix
by inserting a subjective probability. If the subject thought the designated malfunction could have caused a
particular symptom at a particular test point, he inserted a high probability in the corresponding cell. If he
thought that the malfunction could rnt have caused a symptom at that test point, he inserted a low
probability. If he did not know, he inseaed a probability of .50.
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Thesw data can Ix evaluated in vin ioUs ways. One of the interests was to estimate the reliability of the
S-M test. It was found that iechnicians can give subjective probability estimates or this sort with a relatively
high doegrc of reliability. The stability, or test-retest, reliabilitles were around .85. These data also indicate
the kinds of symptom-malfunction relationships that are relatively difficult fr technicians to understand
and tht kinds that are relatively easy An art|yis of the errors that technicians made in taking these tests
has revealed that AC and DC circuit relztionships are difficult for them to understand and that simple
resistance relationships are very easy. A factor analysis of these error data has revealed that "he major factor
is a complexity factor which evidently corretW ds to a complexity dimnension identified in earlier
multidimensional scaling studies conducted by EPRG. Evidently, the primary cause of error in completing
symptom-malfunction matrix tests ks in the number of electronic events going on in the circuit which
must be considered before it can be determine that a par ticular malfuneion could have auted A particular
symptom.

An interesting result of error analyses done in conjunction with the inalysis of performance test
results was the identification of the relationship between symptom patterns and malfunction confusions.
When technicians are troubleshooting, they often confuse one posible malfunction with another. It was
found that malfunctions most often confused with each other have very similar symptom patterns. This
would seem to be an obvious result. But the demonstration of this result stability among basic and
advanced students leads to an important design principle: Provide front-panel indications asd test points
that will unambiguously discriminate among all major malfunction possibilities. Furthermore, the
identification of this relationship points to some intriguing possibilities for improving traiIng Error
matrices derived from S-M tests can be used to identify circuit relationships which a given population of
trainees do not know very well and to guide remedial training.

The BETS program is being used in a number of ways in addition to its use as a criterion measure of
troubleshooting proficiency. For example, it has been used to produce optimum fault localization
sequences for the AN/URC-32. In general, if a sympton-malfunction matrix is available for a piece of
equipment, the program can very quickly determine a set of optimal fault localization sequences for each
identifiable fault area in the equipment. It is interesting to note that in the case of the AN/URC-32, the
optimal sequences that were generated by the program very closely resembled those which were
incorporated in the XFL job-aid discussed above. The chief difference between the two was the fact that in
the job-aid it was practically more efficknt to-group the very easy tests to be done first, simply because
they were so easy to do. An example would be a fuse indictor light. Even though looking at a fuse
indicator light first might not be the most efficient first step, from the standpoint of a Bayesian processor,
it can be done so quickly that in a practical job-aid it should be cne of the first steps. Once these
quick-and-easy checks were grouped in th~is way, it was found that the remsitdcr of the sequences
incorporated in the job-aid and those identified by the BETS program were almost identical. Thus, the
BETS model is a tool with a considerable amount of versatility. It will be integrated with othei rmodels as
they are developed.

A second tool, developed by the EPRG engineering staff, is a method for synthesizing times from
design configurations. This represents an e..tetsion and an automation of industrial engineering
Methods-Time-Measurement procedures and is caItd ARMAN (34). ARM AN is another computer program
containing on the order of twelve hundred FORTRAN IV instructions. It was developed to serve as a tool
for estimating the corrective maintenance time cost of a particular design. These time costs are one jneasure
of the Inherent Corrective Maintenance Workload (ICMW) because they are based upon the generation of
task sequences comprising the ICMW, the assignment of time units to the smallest actions in the task
sequences, and the synthesis of these units into total times. In other words, the ARMAN program not only
synthesizes times, it aisc generates the action and task patterns that consume the time.
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The time units that are used by ARMAN to s) Athasize tok time are the eneral units that haw beew
devloped by the Method-Tlme. Meswement Assocition. Their method Is reopized and used widely in
industrial engineering. Because the units they have developed are perfectly general, the ARMAN procedure
is applicable to any equipment whose dimensions and specifications can be defined. This is not the case
with those time estimation procedutes that re based upon tims dcri d from the oberation of
maintenance of particular kinds of systems in the field by a particular sample of technicians.

This program Is being used to aluat two different radar conf guratlons, one a hybrid,
tranitomhwvum tube model, and the other a hybrid, micromuniatulzed integrated circuit-discrete
component model. Microminiaturization techniques have reslted In a drinsge in the volume and weight
of the radar to a factor of about two or three. The questions that are being aded of ARMAN relate to the
effects of these design changes on the corrective maintenance task cycle and on the minimum times which
would be required to perform the corrective maintenance task cycles. These minimum times are based on
the assumption that no errors ae made in the performance and that the performer does not have to stop to
read technical manuals or look up other information.

Using ARMAN, it has been found that the microminiaturized design will cut the ICMW time in half.
Furthermore, it has been possible to explore the effects of certain design philosophies and certain design
variables. For example, current integrated circuit (IC) technology calls for using IC chips in combination
with discrete components as the most economical application. When this is done, the question of the time
cost of removing and replacing discrete components, which requires unsolderinS, cutting leads, and
resoldering, is an important one. It was found in the microminiaturized radar that repair times for discrete
components were a significant part of the total inhernt corrective maintenance workload (ICMW).

It is also possible with the ARMAN program to vary certain design factors hypothetically and to
explore their effects upon inherent corrective maintenance times. For example, if modularization is carried
down to the level of one IC chip with its associated two or three discretes, so that these can be put on a

small printed circuit board and the board can be substituted without soldering and unsoldering leads, a
dramatic drop in the inherent corrective maintenance workload time results. The exploration of variables of
this sort with the ARMAN program is currently continuing.

A third model thtt4 aunder development by EPRG is concerned with the treatment of errorsin the
performance of serial-action tasks, which are characteristic of corrective maintenance tad This model,
now under development, will contain two parts: a task taxonomy for corrective maintenance tasks and a
theory of errors. The objective here is to develop a tool for dealing with the problem of human unreliability
in performing corrective maintenance. It is anticipated that a throughgoin analysis of the factors involved
will reveal the principal sources of these errors, and also will provide the basis for developing models
implemented by computer programs to explore important aspects of error generation, error detection, and
error correction in relation to major maintenance interface configurations.

Ultimately, it is anticipated that these various tools can be brought together into an integrated model
which can be used to establish trade-offs between equipment design and personnel training and to point to
the most feasible ways to improve the maintainability of electronic equipment. For exaunple, the BETS

program can be used to identify optimal sequences for fault localization and component isolation; and the
ARMAN program can be applied to these sequences to estimate the time costs of performing them. Two
theoretically equivalent sequences may have quite different time costs, depending on the kinds of
front.panel controls or test equipment that must be manipulated in order to acquire information about the
state of the equipment. Part of the work on a theory of errors involves finding ways to estimate the costs of
error-, for example, in terms of time lost. Again, it is anticipated that the ARMAN program can be
employed to do this in conjunction with models now under development.

13



I
Compufte Alpi^caanou in Pes e Fiba and Management

The development of notem conputer tecnology has had a powerful impact on development of
improved personnel plartning and management techniques. Research initiated only a few years ago is now
belnning to ear fruit in such functions as job classification, personnel distribution, enlisted advancement

planning, fleet-shore rotation plannig, and planning of personnel requirments. The COMPASS Project, a
computerized techniqe for classification and allocation of qualified men to school and job aignmeits haa
already been mentioned.

The U. & Naval Personnel Research Activity at San Diego, Ctlifonla ha been directing a continuous
and concerted effort to develop and promote the use of computer techniques In reducing the burden and
increasing the accuracy of personnel planning and control As a result of this effort, a method for
computing optiml petty officer rtioe in the enlisted strenglth of the Navy was developed and
demonstrated on the Radman rating (35). In this method current trends in retention rates, advancements,

and petty officer requirements were taken into acount. Another development along the same lines was the
development of a computerized algebraic model for use in enlisted personnel planning (36), The model
simulates the enlisted advancement system nd predicts the values of six variables for nine pay grades in the
enlisted ratings. More recently (37) a network flow technique his been developed to optimize personnel on
board by pay grads. This technique simulates the movement of personnel into and out of a pay grade of a
rating. Taking into account the constraints of attrition, advartc'ments and demotions, and personnel at the
El to E3 pay grades, the model optimi-e the allocation of peWsonmel to pay grades in the light cf existing
requirements. This is done for a 5-year period and considers the personnel presently on board. The
adoption and implementation of this model for use in routine planning is being considercd. Another mode!
has been developed for computerized distribution, rotation, and atament of parsanel into the fleets. It
simulates the distribution process of the Enlisted Permnnel Distribution Office, Puacfic Fleet (38).

The Navy is also interested in the way computer simulation mo&ls can be used to nvestipae
personnel performance considerations in the early development cycles of new weapons systems. especielly

in respect to man-machine interactions, One such simulation model has been developed nder contract with
Serendipity Asociates (39). The principal feature of interest of this model is its eapaity to determine,
within the total system, the results of interaction between human performw ne variables and other system . ..
variables such as equipment reliability, spares, and related support equipments. This model is now at the
validation stage. If the results of the validation are favorable, the model should provide a valuable means to
develop trade-off information concerning human and hardware performance characteristics.

Cosduulon al SummARy

The foregoing review of recent research of the Bureau of Naval Personnel is by no means a full and
comprehetsive orc. Many studies were omitted from these paes which merit attention. However, the
purpose of the author, in selecting the studies that were included herein, was to present them as

illustratIons of the kinds of problems that have persistently been emerging in recent years.

In the area of selection and classification research the traditional focos on the improvement of
differential and predictive validity continues. But there has been a growing interest in automating testing
and the entire classiiocation process, including allocation of personnel to billets. As a result, the Navy's
Project COMPASS has come to fruition and will be operational on a centralized bash in a yc.,!. Retention
problems, which is the Navy's term for personnel turnover problems, have received considerable atention.
Attermpis to develop tests to identify the career-prone person have thus far not been successful, Some
promise, however, lies in the potential value of an officer key for the Strong Vocational Interest Blank. In
the meantime, however, data are being collected to identify numerous variables that are related to a
criterion of retention Ps. non-retention.
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Training is such a vast enterprise in all the armed services that attention to it can hardly be avoided.
The Navy hu experienced sn expansion of Its training research program in recent years. In this area the
emphasis has been on finding or developing ways to improve tranig to make it more efficient in terms of
the investment of time and dollars in certain cautus Of h1StfuC'.ion a well as In tcnka .,f the tcrmaali
product. Hence, a major effort has been directed toward Improvement of training in electionics
maintenance. Studies have shown that Electronics Technician trainini; curricula can be pared down in some
respects without affecting the ptoficley of the graduate.

Research on electronics rmaintainability has been directed toward developinr i chniie for
measuring the perfor"umae of electronics personnel, A principle of cognitive unburdening his led to
successful development of job-aids for Electronics TechnIcianm A computet model to troubleshoot
electronic equipment has been employed as a criterion against which to evaluate human troubleshooting;
performance. Another development emerging from research on electronics maiiainabillly is a programn by
which certain design factors in electronic equipment can be hypothetically vried in order to explore their
effects on corrective maintenance workload. These models should ultimately serve to establish trade-offs
between equipment design and personnel training.

Although normative performance standards are not too difficult to develop in some instances,
criterion-referenced performanoe standards are quite difficult to obtain. A technique for estimating
persconnel performance standards in the context of a total system has been developed and is in the process
of being evaluated under operational conditions.

Much progress has been made in application of computer technology to simulation of personnel
manaement and mn-mchine interactions. Such simulations yield large quantities of information rapidly

and will serve to facilitate the decisions of manpower management planners.
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UNITED STATES ARMY PERSONNEL RESEARCH
IN JOB SYSTEMS SETTINGS

J. E. Uhlaner and A. J. Drucker
United Stati Army Pwooetns Rewmrch Offime

OD rment of tho Army

Historicilly, the personinel research activities of the U. S.
Army Personnel Research Office have been hlely the ctivits of
indutrial psychology, We came by this trend naturally ince our
pionees were esentially industrial psychologists, steeped in the
tradition of the psychology of jobs- the psychology of the world of .
work. The methodologial mainstay of industrl psychologw,
isychologicu tsting and test development, became APROs
mainstay (and in many ways still is) to predict succe in traininl,
succm in total job performance, or success in slices of jobs, tasks, or i
job functions. As a case in point, APRO has worked intensively on
general mental ability testing for screening enlisted personnel, rust
for the Army alcne and from 1950 to the present day, as Executive
Agent for the Department of Defense. Sisnilauly, APRO from World
War 11 to the present has been heavily enged both in the
methodology and substance of differential ldassification. Today,
under a directive from the Assistant Secretary of Defense/Manpower (Secretary Morris), APRO is
spearheading a joint4ervice effort to develop a common aptitude test battery to be utilized by all services
for acrecizt and claslktion purposes in the high school testing program.

Perhaps becamuse of the great emphasis the Army has placed on individual combat performance and
-individual combat officer performance, APRO has for a number of decades also emphasized noncognitive
research. To review the dozens of projects in the area would go well beyond the scope of this paper. Most
significant perhaps in the early period was a heavy concern with the development of possible pied tive
measures of successful combat performance from the point of view of the man's will to fight as a vital
adjunct to cognitive capabilities required in such siulationI.

The finding that combat performance could be predicted through noncognitive measures was turned
into operationa use. The Classification Inventory was introduced into the Army Classification Battery in
1958, as well as into the Army Aptitude Area System (13). Combat performance Itself was measured
largely by meant of ratings, the promise of "objective" criteria being fruitless. We capitalized upon years or
research to establish methods for obtainini reliable and valid ratings appropriate for use as job criteria. For
example, in repeated studies, we found that a large general factor dominates the rating even where
concerted attempts have been made to measure different aspects of Job performance by using a number of
specific rating scales. At least once we tried what might be called contextual suppressors (12). In predicting
combat performance we tried once again to delineate different aspects of combat proficiency but had to
settle on how good a mn's overall performance in combat was (8). We had also found very little difference
in validity between ratings by raters classed as "hard" and those called "easy" raters and stopped worrying
about the rater difference (1. 2). The intelligence of the rates had been found to make little difference,
except possibly, where raters were in the lower portion of the distribution on mental ability (3). We
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acutiitd empilIcal evidtenice tMat raM twr ge more in their evaluationi Uf job success if they have had
more opportunity to observe the inividual performing on Wh job, e.g., peer ratings hawe superior validity
over cadre ratings (4), Fllow tainees or fe*How workers on the job ame generally In a -ti position to
observe performatice of another. Perhaps thi It an obvious finding, but in the basic training hituati )n, even
a period as &halt as thge at five weeks I&suwfficient to arnabli the ratier to make the pose judginent required.
Lqually obvious, perhaps, Is the iding that the rating band ontt he judgmnt of more thw one later it
bettet than t insle rating. Thi is true to the- tu"~ of a rating valiswty of .53 (fo single ratings CornpL. Ato
the avag .Lf teni ratings with a vidiy coefficitnt of .t84 (S). Little Improvement can be expected beyond

ti. ow mnany actually to combine Is a mitter or *dinititratitv convenience. Thew fing we capitsittedupnqieItt
In more recent years It became appattnt that for predicting diferential officer sucoess, the kind of

phiosophy which we had used swcesully in 41iffieueitial enlisted classification could be readily translated
into action in the Clcker 11redilctlon Research Program. The study to difletntlfally predict officer success in
combat, admnlnlstrative, and technical assignments is approaching completion (14).

We said eautlr Cie the personnel research psychology effot in APRO has been based in industrial
psychology. To characterize our current research effort best is to my that during the last decade we hae"
moved even more vigorously into the psychology of jobs and the world of work while taking full adivantage

K of mnethodologica dervelopments such 4s operations research (including cost effectiveness concepts); we
have placed emphasis on mission output; we have taken greater arid greater advantage of sophisticated
computer capabilities end its software; and we have added systems analysis to our stock or techniques

What has all this meant? F~or us at APRO It has led to the development of a research program
designed to improve the tota misision output In a work setting, be its asimple job. a slice of ajob, jobs in
the samrpte, or a proup of jobs interelatied in conjunction with sophisticated eqluipment. AFRO's current
effort is characterited by a concern with each of these area (Table 1). However. there is much lessV preoccupation with finding the best man for each job. With greater and llmster shortages of skilled
manpower, whether mlitay or civilian, and In (act with greater shortages of any manpower, selection must
often take a hind seAtL We have recoized that industrial and personnel resealch psychology have, after all,

classically concentrated not only upon selection and training but upon work methods and interfaeI problems with equipment and the man in his total work environment.

With the mnethodologis and computer equipment available, we Could begin to ask more pfrftabile
research questions, taking into account real world variables. First, how can the Military effectiveness in a
systems setting be improved? Second, considering more directly the miltary user's problem, how can weI ~ ~mprove the military mission effectiveness, assming that we can realsically measure this effectiveness? int
fact, much of recent effort has been to borrow psychometric theory for criterion development and apply it
to systems output measurement (11). Once that is accomplished, additional questions cmn be asked, If
selection and training are held constant (Table 2) ind work methods varied, what effect is there on the
measured output? Using a measured output of performance of accuracy aind conipleteneu in an
information system, we examined a variety of Work Methods for limage interpreter teams (Table 3):

Work Method 1, in which Image interpreters worked and reported independently and in waiich their
performace was scored for right identifications, wrong idmntifications and omits for teams of two.

Work Method 11, same as Work Method I but scored only for responses on which the two Interpreter$
agreed.

Work Method 1ll, wherein interpreters worked in teAms andl discumsd their identificat ions freely
before recording them.
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7able 1. APIIO i rmeah in i11k World of Wrk

hitb Ofie141410o Noteut Appf.ach

Slice; of Jobn Human Pr~fnnmance
Experimentation

Group 4f job- in Manned Systems
Conjunction with Research
Sophisticated Equipment

Jt b-, in Aggregate Selectian Research

Tabl, 2 Improviia ilitar, EIfertivenr-n in a S)mtrmm ,5tlinr

Selection

Interaction Tria"ning - - Work Trade-Oifs
Mtchodsi

Interflce of
Equipment

r

Tuhi,' J. Total Me" Perfornianet Soure for image Interpreter Team lorking under Ilifferent
%ethod and for ldividualis Working Iont.

Tea Moadan Right Wreg % Accutocy

I Independent: All responses (,N 15 teams) 15.1 112.9 14
II Independent: Agreed responses (N 15 teams) 3.9 7.1 1

III Cooperative (N 3 30 teams) 10.1 40.6 22
IV Individuals Alone (N individuals) 8.1 50.8 l6

Mean Right, Wrong, and Accuricy scores between teAm meihmis ,krr %i9nLhic.nIniy difervnt (Pit .

'4I
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Method I gave the largest niumber of correct identifications but also the largest number of wrong
identifivations. Method I1 gave a much better accuracy record but had many fewer identifications of either
kind. Method Ii had some of the advantages of both I ard II. Each method was thus judged to have
potential usefulness to the comminder, depending upon his needs: Work Method I for maximum
identifications (however, including many wrongs), Work Method Ii for maximum accur'cy (however, fewer
identifications), and Work Method IIl for a teasonable compromise (6).

If we provide sopAidticated equipment such as stereo to the image interpreter at a known cost (which
might be considerable), is stereo worth its dollar cost in terms of its accuracy and completeness gains, if in
'act there are any gains? What would be the effect ot, the measured output? In shtrt, the current thinking
in APRO is to approximate the world of work at least in part in a systems setting where interaction effects
can be systematically examined and trade-offs evaluated from a cost- effectiveness point of view.

Let us call it the criterion concept in new dress. If we are going to put more money and time in
training for a given level of performance, how much poorer quality of personnel can we utilize? It seems to
us crucial that a beginning be made to attempt research where a mix between different kinds of training and
varying qualities of people available are evaluated and the different mixes are studied in terms of payoff,
cost matrices, and trade-off considerations. The miltary might specify its objectives in terms of time and
cost of training. Eight weeks are now required for basic training. Perhaps four or twelve would be more
useful. Perhaps we might use a track systern; and achieve better results is. the same length of time.
Computerization and simulation techniques at least make possible ecperimentation with these potential
advances. Of course, many of these projects may involve getting several organizations together.

By way of refocus, the ,esearch program of APRO falls at this time under three major categories, with
efforts under each as indicated in Table 4.

Under Human Performance Experimentation we seek principles applicable to many Army systems.
General behavioral functions common to many Army systems to enhance man's functioning in those
systems are studied. These activities have been conducted with regard to such behavioral functions or slices
of jobs as vigilance required of monitors in many systems, ability to communicate more efficiently via
radio-telephonic means in combat operations in a modern tactical environment, and other functions now
under exploration such as ability to perform efficiently in night operations. To do the research, we obtain
parameters and variables from the military systems under study. We simulate in the laboratory, using special
program equipment for data input and data reduction, and check out the experiments in the field. Typical
independent variables used in vigilance research are shown in Table 5.

Typical of the Selection Research effort, where we study jobs in the aggregate, is the attempt to
determine how to make optimum use of enlisted personnel of lower mental standards. A host of studies in
the military sei vices over several decades has shown the utility of AFQT scores in measuring the potential
valve of young men for performance in military jobs. As we go down the AFQT scale, however, we are
harder put to find ways of training the men, on the one hand, in a reasonable period of time, and on the
other hand, to a level of performance where they can function without close supelvision. Cumulated
research experience dictates we must hold to a quality level with a reasonable success pzobabi!ity.

The use of manpower models in personnel resource allocation research is another examp' of what
needs to be done about jobs in the aggregate. In a series of studies c nducted at the U. S. Ann, , esonnel
Research Office, a sequence of computerized simulations of personnel systems has been developed. ,n such
models sequences of normally distributed random numbers are generated and then transformed so they
have the statistical characteristics of scores -n t6e variables represented in the model for the input
population. Particular operations arc then applied to these simulated personnel samples, the optimal
allocation is performed, and the criterion variable is calculated.
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ibi 4. Major Categoriem of Htse'reah at APIHO

Humei Ps m.c. E, -ntaton Manned Systems Rsearch Setoclion Resarch

Monitor Performance I ,ilance) Image Interpretation Screening and Differential
Classification

Combat Communicatns Information Assimilation Qualitative and Quantitative
Requirements

Nigh; Operations Decision Making Officer Leadership
(under exploration) Combat Selection and

Special Warfare

Manpower Information Systems

Table 5. USAPH$) Vigilance Research
(23 Varables for Vigilatice Researcb)

Specific Signal Characteristics Personal Factors.-Changes

Spatial location of display Fatigue
Background stimulation Muscle tension

Programmed artificial signals Search patterns
Differential allocation to sense modalities Personal Fuctors..Individual Differences

Immediate Task Factors Personality

Length of vigil Personal history

Supervisory techniques Perceptual acuity

Physical restrictions Self-report (within session)

Responding procedures Time perception

General Environmental Factors Activity levels

Sex of operator
Ambient noise level Job motivation
Background lighting Stability and generality of vigilance

Temperature and humidity

Example: In setting up the Aptitude Area classification system in 1949, certain operational
expedients were introduced to facilitate hand computation of performance estimates, the compiling of

data, and the assigning of men. The Aptitude Area score was one such simplification, even though
least-squares regression estimates of performarnce in various Military Occupational Specialties (MOS) based
on the I I Army Classification Battery (ACB) tests would provide the most efficient basis for personnel
assignment, Each Aptitude Area was based upon only two ACB variables and was used in lieu of, or as
approximations of, predicted performances for specific MOS categories or occupational areas. The same
Aptitude Area score is itsed for all MOS within each of the occupational categories. A second operational
expedient was use of grouped scores from 0-9 instead of the full range of Army standard scores of 40-160.
How much information was lost by these expedients? Two major simulations were conducted to estimate
the amount of gain in overail performance that would result from substituting full regression estimates
based on a full range of scores.
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Optimal allocation was carried out for a number of samples using both the Aptitude Area scores and
Ihle lea ,-squares regression estimates of performance. Realistic quota restrictions were imposed on the
allocamion. I lie procedures were then evaluated by calculating the allocation averages, i.e., mean expected
pcrfrnsancce for personnel allocated b) Ihe two procedures. Average performance under optimal allocation
with Aptitude Area composites was approximately 3 to 3!; performance units higher than expected under
random all.cation. Thius, the average gains ovwil sadom assigunent by optimal allocation would be twice as

usch h% using regression estimates of performance as it is by use of rhe current Aptitude Area scores. The
V. i in the percentage of men of superior performance assigned by the use of full regression as compared
,-4h I:', wo-variable composite is even more inpressive. On the basis of this study and similar studies now

pr pgcss, recommendations have been made concerning implementation of certain regression estimate: of
performane for allocation procedures (9).

In the second study. the effect of score groupings on value of the objective function was studied. A

significant !oss occurred in the allocation average using the one-digit code, although the loss is
comparatively small. Nevertheless, we would recommend use of the full range of performance estimates in
ic cntlcxt of a newly designed automated systci in which the full range could be used with no or little
additional cost.

Both of these findings, of course, argue in favor of the Army's automated personnel assignment
system. Considerable gain would be expected by making the operational changes indicated in the context of
the computerized system now being designed and implemsented. Such change would be impracticable within
a hasnd 'llocation system (10),

Under MamedSs-srenrs Research the ensphasis is on enhancing systems output as relates to man's role
in small Army systems; this is one of our most exciting areas. It is truly here that the challenge of
conducting integrated human factors research is finally met.

Certain aspects of our Surveillance Project are illustrative. Our effort in this project concentrates on
image interpretation of surveillance systems and on information assimilation and decision-making of
command information processing systems. Systems output is measured in such terms as accuracy,
completenes., and time for decision. Here, particularly, we combine field and laboratory effort and use
computer simulation extensively, including real-time. As we said earlier, manned systems research is
characterized by an integrated research approach which might involve all the human factors aspects in the
man-rmachine interface. Obviously such an effort is sizeable, and we make use of a dozen or more contract
groups each year. However, since the chief purpose of the APRO in-house organization is to conduct
research, the policy is to maintain a ratio of at least 50 per cent of scientist time for doing in-house
research. We are encouraged by the potential gains to be made for the military, especially the equipment
and systems designers; these gains can be couched in terms they can best appreciate. Here is one example
we are particularly excited about.

Fundamental to much of the systems output, and particularly man's perfornance within those
systems, is the total complex of better, more accurate, more timely decision-making. Based upon the
greater capability of measuring systems output now at hand, this approach brings togethe psychometric
theory, probability theory, and snan-machine interface knowledge; the approach uses the computer as a
major partner and considers cost in a total value (not solely economic) sense.

sThe research in question - a m.jor program at APRO - deals with a rational means of improving
decision-making. The feasibili -id usefulness of using expected cost estimates as a means of controlling
the informatios produced by iage interpretation facility is being investigated. This approach employs

realistic systems concepts and neans for implementing an expected cost matrix. One smajor requirement is
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to obtain computer-calculated estimates of the probability that a given identification or a given observation
is in fact correct. The second requirement is to develop error-cost matrices containing value indices for each
type of response as it relates to the true state for particular military situations.

The decision maker's judgnmens and expeiiences must first be made explicit in the form of
probabilities and value indices in the construction of a decision problem. When a given problem is

f • formulated, the decision model can specify a course of action which is best according to well delineated and
measurable criteria.

5!

Table 6 illustrates the general case of how the decision maker, although not knowing the true

conditions prevailing at the time of his decision, can nevertheless choose among response alternates by
taking into consideration both the cost of responding inappropriately, given various possible true
conditions, and the probability of incurring the costs. When the costs are multiplied by the probabilities,
the resultant product is the expected cost, i.e., the loss which could be expected from following each
response alternative. The decision maker need only choose the response alternative with the least expected
cost. In Table 6, choosing Response D would minimize the decision maker's risks.

Table 6. Deciding Among Alternatives Using lxpi.eted Cost*

Response Cost of Eoch Probability of Expcted Cost
Alternative Alternative X Incuring Cost of Response

A 50 .60 30
8 so .30 24

C 25 .80 20

D 30 .40 12"

E 50 .30 15

* Decision Rule: Choo-'e alternative with least expected cost.

The purpose of a payoff matrix is to provide a set of numbers for alternative decision possibilities
which can serve as a basis for rational choice among these alternatives. For example, within the intelligence
area, the error-cost matrix could serve the military commander for making decisions within the tactical or
strategic setting. A means of first determining information needs and then of determining the cost of failing
to provide the needed information for a particular military situation was evaluated. As you well know,
military significance will be affected by factors such as attack, defense, trafficability, and the nature of
enemy forces. Echelon differences also impose different requirements.

In essence, in the image interpretation system, the error-cost matrix is a table of the costs of
misinformation. In the operational situation, basic cost information would be determined by the military
decision maker. Since different military situations are expected to impose different information
requirements, we developed a means for associating a particular situation with the appropriate error-cost
matrix. This was done by identifying situation families, developing a priori matrices for them, and providing
field personnel with a ready means for classifying the particular situation of concern int.) one of these
situation families.
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Table 7 contains an abbreviated sample mauax. The highest cost in the matrix is the error of omitting
a missile: the lowest cost is the imprecision error of calling a truck a vehicle. The other costs in the matrix
are intemediate in value. There is, of course, no cost for a correct identification.

Tableh I r' of Et, preted Cootm to Contrul S'memw .lempnmens
(4axmum Expered Co_,; Set at 2.0 by G.2)

i Eiimple 1

P,.b. K;ectod
R1sitnles TK TR M "O vochs, Cost

Tank 0 2 5 4 .50 1.9
Tmck 3 0 7 2 .10 - 2.8 I
Missile 4 5 0 6 .10 3.7
Nothing 5 3 9 0 .30 3.7
Vehicle 2 1 6 2 2.3
Weapon 3 3 4 4 3.4

Decision: Report 'lank

Let us suppose that a given object on a surveillance photograph has been identified by an image
interpreter as a tank. The computer tells him there is only a 50 per cent probability that the given object is
really a tank. To determine the probabilities, the computer takes into account such variables as image
quality parameters, the established ability level of the interpreter, the difficulty of the target, and the level
of confidence the interpreter has in his initial interpretation. For the other targets, let us suppose that there
is a 10 per cent probability that it is really a missile, and a 30 per cent probability that it is really not a
target at all. Then, multiplying the cost matrix by the associated probabilities yields the expected costs of
the reporting alternatives. In this example, the lowest expected cost was for-the response Tank. Therefore,
the object- in question would be reported as a tank even though there is only a 50 per cent Fr-,bability that
it actually is a tank (7).

The decision-making officer to whom the report of the image interpretation facility is being sent can
control the accuracy of the information produced by the image interpretation system by setting a quality
standard for his acceptance of the information. In this case, this standard is a single number representing
the maximum cost at 2.0. Only responses with an expected cost at or below this maximum cost would be
reported. In the example just shown, the Tank response would just qualify.

However, if the probability of the object being a tank were slightly lower, the expected cost of
making this response would rise. None of the expected costs would be below the maximum acceptable cost.
The image interpretation system could not report the object one way or another. The system would then
seek to improve the quality of the information through a number of means such as asking other interpreters
to idntify the object in question, obtaining better surveillance cover, or seeking corroborative intelligence
information. Any or all of these steps will change the values in the probability vector and allow one
response or the other to achieve an acceptable expected cost. The decision maker, by raising or lowering the
maximum cost, can thus control the amount and quality of the intelligence produced by the interpretation
system. Setting a high standard will tend to allow few identifications but will yield highly accurate
intelligence. Setting a low standard will allow a large amount of information, but the average accuracy of
the information will be low.
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Efforts such as these, in our opinion. will truly be a vehicle for making the research end products for
manned systems research most useful for military planners, military decision makers, military designers-the
persons involved in interfacing man with sophisticated equipment, including computers, for the purpose of
making rational, rapid, and accurate decisions.

We have attempted in this paper to present a view of the current APRO program as one emphasizing
the interdependent aspects of military human factors problems and as one interrelating these aspects in
broad research approaches. From the research situation where man was the focal point, he has come to be a
link in the man-machine-computer system, and he is so regarded by the research scientist in this setting.
Recognizing that to management the salient concern is effective system nutput, the researcher no longer
asks simply: Is maP A better than man B? He asks: For a given cost, do the end products of the developed
system meet the military man's requirements? The greater complexity of such a research approach, we
believe, will more fully meet the military user's needs
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V

RECENT PERSONNEL RESEARCH

IN THE UNITED STATES AIR FORCE: A REVIEW

James H, Ritter
Personnel Research Laboratory
Department of the Air Force

II~Former Vice President Alben Barkley once told a story about

a United States Senator whose young friend suddenly announced his
support for the Senator's opposition. The Senator, quite perturbed
about this decision, called on his friend and said, "John, I don't
underatand your recent action. Do you remember when you
graduated from high school and had no money to go to college? You
camn to me and I gave you the funds for Your education. When you
graduated from college, I helped you through law school; after law
school, I got you your first job with a law firm. Later, when you
decided to run for office, I helped you by guiding your campaign,

thereby enabling you to get support from friends of mine, and I even
financed it in part. Last year I interceded for you with the Governor
and had you appointed to your present job. Now all of a sudden you
announce that you are supporting the opposition for my office as
Senator. I do not understand, John, why?" Undismayed, John

retorted to the Senator, "It's true that you did help me through colege, you helped me through law school,
you helped me in my first job, you helped me on my first political campaign, and last year you helped me
obtain my present job through appointment from the Governor-but, Senator, What have you done for ie
lately?"

This morning I shall talk generally about what personnel research we have done for the Air Force
lately. Sometimes in the research field, we see the results of our research on a long-range basis quite well.
After the research has been finished, however, the applications are not always immediately evident, and we
face the continued pressure of "what have you done for me lately?" I could cite for you a long list of the
research work that the Personnel Research Laboratory has been doing. Instead, I intend to pick out
representative examples of accomplishments. For those of you who would like a more complete list, I refer
you to a Personnel Research Laboratory publication PR.L-T-65-23 put out in December 1965 entitled
Abstcts of Personnel Research Reports: V - t9e5491965,etl

Apparatua Tests for Selection

An example of recent "hardware" research iii the area of personnel is in the field of selection. During
World War 11 and for approximately ten years thereafter selection devices for pilots, and to some extent
navigators and bombardiers, depended not only on paper-and-pencil tests but also on apparatus tests. In
1952 the apparatus tests were dropped because, although they added some validity to the paper-and-pencil

This document may be obtained by request from the USAF Personnel Research Laboratory (PROI).
Lackland AFB, Texas 78236, All studies described in this paper Ate referenced in the "Ahstracts."
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tests, the co t factors associated tilth individual otr small group lestlng, plus tihe cost of the haidware it lf,
were too expensive in relation to the gain, It occurred to some of our psycho glsts in the Per.sonnel
Rew;arh Laboratory., aid I am sure to many people outside of out Laboratory, that a study 4huuld now be

made of perceptual psychomotor tests Tor alterew selection to see If the state of the art has advanced io the
degree where .uppafatut tets ctiold add appreciably to ihe reliability auid validity of our selections or a
cost-effectiveness basis. Fally last year, George Passe> and Bill McLaurin at the L'ickheed-Georgla ConitolnY
made a thonough rcvicw of the problem and canie up with kynme reswarrh i which indicated that the proper
type of apparatus tests might very well improve our aircrew seleclitm technliques. The apparatus biWng
developed is moderately ptnrtable. being packaged In four principal unit; each welihing less than 70 pounds
and itgrqegting let than IS cubic feet, It embodies 23 different tests of perceptual and psychomotor
functions in 19 areas identifled as critical to performance and behavior related to aircrew success. These
include suih things as motor skills, tbtt-ai tracki information processlng perceptual "IltS with
mulli-displays, attention span, attention inertia, visual perceptual speed, and motor Interference. The devkc
also includes autonmtic recording of responses, scheduling paced and unpaced response regimes, the
capacity io endure long operations, measures of resistance to distraction, and the like.

The machine is completely electronic, and uses either punched paper tape or computer tape for
programming inputs and recording detailed outputs. It is completely flexible in the sense that tests can be
ordered In any sequence, and presented in combinations as desired. It Is automatic in its internal timing of
tests, response times, and so forth. The use of this new battery appears so promising that further research
on this apparatus is being conducted independently by Lockheed without addition.il Air Force contract
money.

Opelnorey Paper-and-Penil Tes

Paper-and-pencil tests continue to occupy much of our attention. Presently beinig used for the
selection of pilot trainees is a sublest Score from the Air Force Officer Qualifying Test. The entire
examination is used to yield several sublest scores for selection and placement of Air Force officers. The
AFOQT is only one of many operational tests which are developed, scored, and revised by Laboratory
personnel. Other tests include: The Armed Forces Women's Selection Test, the Airman Qualifying
Examination, a pre-enrollment test for ROTC, and specialized tests such as the Electronic Data Processing
Test. This "bread and butter" operation is estimated to save about 25 million dollars yearly in training costs
as a rezull of improved selection. Operational test research and development is a reciprocal function in

which the personnel researcher prepares a device of great value to the Air Force and is rewarded with data
and the opportunity to advance psychometric techniques at the sanie time.

Human Reliability

A most complex area of research is the prediction of human social behavior. The Personnel Resarch

Laboratory has had extensive involvement in problems of predicting human reliability and unreliability.

During the first .en months of 1958 nearly 20,000 enlisted Air Force personnel were discharged for
"unsuitability." Task scientists of the Personnel Research Laboratory were directed to examine this
problem, and a program of research was initiated to identify the factors associated with this type ot
unadaptive behavior. The favorable results from this identification project led to the adoption of more
stringent enlistment criteria which resulted in a marked reduction in the number of enlisted personnel

discharged for unsuitability or substandard performance.

As i result of high-level concern about the possibility that an emotionally disturbed individual might
detonate a nuclear weapon, the Laboratory was directed in 1959 to pursue a research program to identify
potentiAly unreliabk personnel prior to assignment to high-risk jobs. The human reliability programr



implemented in 1961 is a direct product of this research efrort. The employment of Laboratory-devi, d
tirtal seftctrm procedures, together with ie* operational techniques for personnel assigned to nuclear

weapons duties and other high -risk duties, resulted in a sharp decline in unsuitability attrition within the
sensitive career fields. All of this resulted in the fornmtion of an Assesment Branch which was activated in
January 1466. Nearly 10,000 new enistees each year are screened thoroughly in advance of initiation of
background Investigations tor possible asinment to nuler and intelligence duties. You might be
interested to know that during the first six months of this year. the Assessment Branch pre4Creened 7,80O
airmen and sledtd a littk over 3,000 a then for asignment to these sensitive career areas Of the 3,000
men selected, not i e was denied a security clearance later ont due to an unfavorable background
investigation. The Auc ment Branch screening is much less expensive and more timely than the
background imfigation proCed'esL

Another current study in our Laboratory is addressed to the problem of evaluating both Fets of
pt.edures mentioned above with the hope that improvement in cost and efficiency can be realized.

One more area of research "fallout" should be mentioned. As you know the military services are
accepting increasing numbers of men in the lower mental ability level, the so-called Category IV group.
Since ability level has always been one of our primary research variables in studying reliability, we have
amassed considerable knowledge about the successes and failures of low.aptitude personnel. Task scientists
of this Laboratory have therefore been directed to conduct research into Air Force training and personnel
utilization systems so that the benefit of military service can be maximized for these people.

-isoriia Data Files or Longitudiba Flies

One of the primary research activities within the Laboratory for many years has been the
development of historical data files. This unromantic, tedious phase of personnel research has generated the
empirical base for many of the studies with which the Laboratory responds to Air Force needs. We are able
to de the. dings now because of the earlier foresight of the "data-svers," -records management
regulations notwithstanding! These data riles provide the constants for understanding, describing, analyzing,
and projecting the personnel system, as shall be discussed in the next secti.)n.

The officer and airman data bases are generally of three forms:

1. Jnfomliona on ins-to the Air Forrz Airman classification files date from 1949 and are quite
detailed and complete from 1956 on. The officer input file, Project M, contains demographic, training, and
evaluation data on officer gains since 1956.

2. Strength filet Since December 1960 detailed data have been obtained sen-annually on the total

officer force; similar files have been acquired quarterly since December 1964 on the airman force. As a new
strength fide is obtained, composite ilies are constructed.

3. Special J7ile. These ate many and varied. Major ones include the OER file, containing the
effectiveness report history of officers since 1955; officer flying and technical training, and airman
technical training Wes from about 1950; airman reenfistment/Ios files, dating from 11956, are vital
ingredients for studies of trends in retention and other topics. Other special files contain experimental

testing data, job inventory data, and so on. Our data banks begin, of course, with the World War If Airciew
Classification Test Battery files.

These fdes have been the fount from which the response to a multitude of high-priority USAF
operational studies have sprung. For example, an urgent requirement by Mr. Ronald Fox, then Deputy for
Management Systems, Office of the Assistant Secretary of the Air Force. resulted in a study of great
consequence tu military personnel. During the extremely brief time span of 13-22 February i965,
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I;a rto .personnel developed new meihods fin asessilng and reporiing offker professional skills, airman
reenlistment rates, and other personnel data. This maxinum efort contributed markedly to the success or
the Air Force Pay Stu'y which led to increaes in the military pay structure.

Project M, which permits comparative studies of input to the Air Force officer corps, was the data
source for the developmrent of an AI-ROTC nnanagentent control system.

The fllcs hav been used to provide dcmographic. trainiing, caseer piogressaon, and tuality aiialywi of
s it.ilfic and engineering Vfficers, tkansportation officers, civil engineering officers, logistic and supply
officers, senior nonmomnissioned officers, and other groups. They are used routinely in studying such
topics 2s trends in promotion and retention, offtcer loss rates, and the recruitment and utilization of
low-aptitude personnel. The literature reveals a growing awareness among personnel researchers in the
academic and industrial worlds of the need for such longitudinal bases. We ate proud that we are among the
first to see the need and to actually collect such dtat

Job ul%%j

A fifth area of research that I would like to mention is that of occupational structures research, There
are four main activities: First, the duvelopment of methods for collection, analysis, and reporting of
infomsation descriptive of Air Force jobs; second, the development of methods for organizing jobs into
specialties, career ladders, utilization fields, and broader manag ment categories; third, the development of
methods for evaluating the capability of personnel to perform jobs in their career ladder or utilization field;
and fourth, the development of methods to determine the appropriate grade levels for officer and airman
jobs.

For the first time in history, we believe that we are in a position to define precisely the work being
performed by Air Force personnel. This is done through the use of the job inventory in which the tasks in a
career ladder or utilization field are listed. Task inventories can be prepared which permit arcurate and
reliable collection of detailed information as to the tasks done at each skill level in each specialty in a career
ladder. Aithough there may be from 300 to 600 individual tasks in a specialty, data resulting from these
inventories can be processed through the computer, with reports emerging in formats describing the exact
work performed by any group of interest, as for example, airmen at the journeyman skill.-level, assigned to
the Strategic Air Command, presently in the zone of the interior, who did, or did not, attend a technical
school. Such a detailed description is ideal for planning a course curriculum, and it makes possible iraining
aimed at specific tasks encountered on the job. It also can be used to dictate the content coverage of the
Specialty Knowledge Test appropriate to a career field.

We have recently finished an additional set of computer programs to be applied to data collected
through the task inventory procedures. These programs are expected to contribute to the accurate
description of work actually accomplished, in a format useful to Air Force managers. Additionally, they
will provide basic data for effective exploration of the second major activity-the development of methods
for organizing jobs into specialties, career ladders, utilization fields, or other appropriate management
groupings, These computer programs will permit the ide.tification and quantification of differences in task
performance among individual jobs, among miembers of homogeneous job types, or among members of
different specialties within the same career ladder.

The combination of a task inventory and a computer offers a powerful new tool for exploration of
the third actigity-the development of methods for the evaluation of the capability of persons to perform
their jobs. We have enjoyed some success in relating supervisory trait ratings to overall criteria of success,
but we believe that opportunity for a major breakthrough exists in the collection of performance

52



evaluitions at the task level, A research program Is under way to evaluate this ittet posibiUtt)', The Purdue
Mmard Va F dathwi is .aleiP611' to Clarify sht deltitncidental to this ueen, Success In collectingf petormance evaluations .houid offer us a mote ob cive procedure to explore in the fourth activity-the
determination of appropriate grades for officer and airman positions.

Another by.product of occupational research is th;t the development of (1w job inventories h given
us a tool to assist In the construction and validation of our Specialty Knowledge Tests. The SKT Divisloit
makes the tests used for the uptirtdlng. of airmen from the 3 to tbc 5- to the 7- to the 9-skill igvei, The stit
unstection outline is apn psn repared by cubl lee ymanpor fofWriting and scles the aest

questions t be used. By comprig the inventory develoeid b t he Ociupational Research Division with
the subject-mtier spc ialists' eit aomte job alutin. the SKT pople have n .pendeni p s ur o f
checking the comp leteness of the SKT, This should after good lituspects for ncreasing the reliabilityr
validity of the SKTs,

Ou effort to redvi e a imeludl for the scientific determination of appropriate officer grades has
been succr ful This method of a mass procedure, provides data descriptive of the proper distribution of
grades for a 0-en number of offanyrs in a iven utilization area. We have recently extended this resarch to
make it applicablo e h, e oseidions ai the local level by macpowe officers w The ratinh ael Use
technique whereb job requimenti factors are closely alt ned to a typical poasione This pxlthre
provides built-in controls to permit acorate job evaluation. The identification of deelp to define
fcale oevef serves alw to reduce inflationary tendencies in ratings.

This type of research will enabltermieadarters USAF t derive guidlines to the proper grade
disaribution for an Air Force of any size a,ed with any desired mix of specialties.

1Poiy Captif

Another are of rentarclNis that of capturing picy. In 1948 and 1949 when was a student at Ohio
State enroute to the Ph, we used to play around with a cute little devc known as the "multiple
ression equation." The multiple regression equation to us was somewhat of a scientific plaything.
loween, at the Personnel lesearch Laboratory, Joe Ward and Bob Bottenberg have developed techniques
for us e I mul ed of pomotion as a method to capture polices of hum deciion-makers. This
technique enables the researcher to detein the p unique or interactive value of veral variables in
accomting for the predictable vaiace of the criterion, We do not depend upon abstract, theoretica
assumptions but program Instead, variables in quantified form.

The machine services are not Wilmted to processing information. If the digital computer has the samet

nformation as the hun decision-mater, the predictable essentials of human infotv ation- proessing in
reaching decisions can be captured. Given this information and a nple o f ver J decisions satisfying to
tranagement, the machine "learns" the policy and appliesR! in siwnar situations,

t Before I am accused of promoting excessive anthrcpomorphic concepts, let me explain. The basic
~technique is simple. The computer treats the sample of divisions as a dependent variable to be predicted;

~~the empirical infomniation on which these decisins are based is usred in various combinations to form the
predictor variables, There is no problem of asking eople how to Weightt these Variables. The jegressiton
equations developed to predict the dependent variable constitute a quantitative .statement of' policy that is
often more consistently accurate titan is available from human decision-makers.

This is the method that was used by Christal in studying the proper gade level for Air Force officers
which I mentioned previously, Similar techniques have been used to capture policy of selection boards. The
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hL w ...;ff .~ thr ..... A ii; I kni,% ti iwreh. inh1-ri,;%atn

r,4j,,incs in lImAii.. ,idgmerl. lie iIvwi{i it h ing fe'ted lN the 4It frainlg Commnd tu provide file
hau. ' -grnimnt Ih-oiies whi.h ate included in the aulonuted a'irrtn assigment pro ram. This ptrotam
decwili! he 11C [abirlJmor) .alm) ,,ludes an optimilatiun algorithm whic:h insures that these policies are
rnaximally implemented, A pmi-sibli advdn:c in thb aica is the work of Dr. (Cart Koack at the University of
G(iagia under com tract. lie is hopeful of replacing the multiple regre.sion analysis technique with a
statistical Prro'djr which will give . worc ba" on (I) continuous variables, (2) dichotomous variables,
and (3) discrete but numbeted variables. This technique, if it works, will be especially important in
developing scientific decision-making models, manpower utilization models, and aKtgnment of personnel
models KoUack, aq yost remember, initially pointed out the possible application of Markovian processes to
movement though personnel systems. As his own paper at this Symposium will demonstrate, we rely ooi
him for theoretical thinking about our personnel systems research at al levels.

Maithenatkal Models

Mathematical models, particularly when set up for "war-gaming," are always interesting playthings, I
can well remember in Air Research and Development Command days, General Lee Davis usrd to inveigle
my boss, Colonel George Long, into playing war games on an apparatus be had devised. The Statistical
Methodology and Analysis Division of Personnel Research Laboratory has adapted modern modeling
techniques to immediate operative needs. An excellent example of this is a &.udy made for General
Momyer, previous Commander of the Air 7raining Command. General Momyer was concerned with the
number of man-days lost in waiting time by pipeline personnel during the sequence of events which occur
when coming into the Air Force, completing basic training m't Lackland, moving through technical schools,
and finally being given on-the-job assignments. Staff personnel made General Momyer aware that a lot of
man-days were tost, but nobody had a real "feel" or "handle' for the problem. We were asked to look into
this PATS problem, that is, personnel awaiting training status-and see if we could model it for use by
General Momyer and his staff to war-game various permutations on the themes of efficiency and increased
responsiveness to the changing needs of the Air Force. It was not a simple problem because many people
come into the Air Forc, each month-approximately 10,000 on the average-not only from all walks of life,
but from all sections of the country and from different statuses. There are those with no prior service, then
there are those who have had Air National Guard training, those who have had Air Reserve Training, WAFS,
ROTCs, medical trainees, and so forth. The normal six-weck basic training situation complicates the
problem still further. Although recruits assigned to technical schools normally take six weeks of basic
training at Lackland, in times of emergency they take only four weeks of basic training at Lackland and
two weeks more at technical school. Those not going on to technical schools either complete their six
weeks of basic training at Lacklaiid, or take four weeks at Lackl.,d and two weeks at some OJT location, if
basic training is offered at the OJT point. To complicate the problem still further, technical Lraining of
different types is offered at Lowry, Chanute, Keesler, Sheppard, Lackland, and Amarillo Air Force Bases,
and the same training may be offered at two and even three of these bases. Training is not offered around
the clock, nor even every other week. It has to be programmed ^.r the size of the unit and length of
training. After training, some of the people remain at the technic .hnol for various lengths of time before

they are shipped off to a job. In some cases people go dii.;clly f: . u.,.: technical training course to another
Ii technical training course. the quotas are all different and change frequently. All of these possibilities had to

be considered for inclusion in the mathematical model.

Technical training is given to about 8.0,000 airmen per year out of the little over 100.000 who come
into the Air Force. Also, at each stage of the pipeline, there is some attrition; for example, the attrition
from the technical training courses is approximately 8 per cent; from basic military training, approximately
6 per cent. These facts were also "cranked" into the mathematical model which showed quite clearly where
the pipeline flow could be increased at various points, and again where some of the flow perhaps could be
decreased,
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Lt PAT a-'--1 4,wk.a v"44 110 h
desel~ijvd if (he Libnratory ind -AhicA hiiw 1-11nd rraoltId use tA: thu prcit 11111c N iu ght he

interested to kno% that the Laboratory ha% been iisked to model the enhou Ali Uoi~c flow ind opuralion.
Ti, of cnutse. it a tremendous undertaking.

The job is to be accomplished in phases, and itwo-year study ellton appears reasenable before a
workabkc model can be expected. When we are' able to do this, thle planners in the Pentiwgnyl. partictilaly in
Deputy Chief Of Staff/Personnel, will have a most powerfut tool.

We could mention probably anothet hundred examples of what we have done (,,s tile Air Force
lately, long-range research, su---ys, "brush fire" operations, etc., but I think that these examples give you
some idea of the type of work t&.,i we are doing in our various divisions.

I cannot help but feel a greet pride for thc accomplishments of tile Personnel Research Laboratory
. r over its many years of existence. The Laboratory is populated by 3 highly competent staff of civilians and

military, professional and support personnel. There is arn intense desire to undertake new and more complex
tasks, to develop new and more powerful tools, and to serve all communities of tile world in new and more
exciting ways.
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COMPUTER TIME SHARING*

Bert F. Creen, jr. ard L. Rowell Huemann
Carnegie InStitute of Technology

The computer world changes so rapidly that a generation hst%
for only about five years. Each generaiin has provided larger. more
powerful, and more versatil" computers. In each generation
computers have been used by more and morc people in an
ever-widening range of applications. Dramatic changes are A'Iso
occurring in procedures for using computers. n the present

Pecople who have not suffered through the discouraging proKess

of using a digita, computer may wonder what the excitement is all
about. A few years ago the senior author had an enlightening
conversation with the science editor of a national news magazine,
who was remarkably %ell informed about current developments in
artificial intelligence, computer simulation, and other novel uses of
computers. But toward the end of the largely "wildble y inder" conversation, he came sharply back to
earth by saying, in effect, "One thing I don't understand is how you fellows go about using a computer.
What do you do on a typical day? Do you sit at your desk and think, or do you write things on paper at
your desk, or do you punch cards, or do you wi;e connections with a soldering iron?" Plainly, even astute
laymen know very little about how one actually goes about using a computer.

The procedures that were described in response to the science editor's query are still us'ed today at
most computing centers (I). Nevertheless, we shall call these procedures "the old way" and lhill sketch
them briefly to provide a contrast with the new. The old way to use a coMputer is first to plan the prgiain,
perhaps drawing a flow diagram if the program is very ctmnpli,.ated. Then the prospective user writes his
program on special programming sheets, using the appropriate computer language. These sheets are
transformed into punched cards either by the programmer himself or by a keypunch operatar. The deck (f
cards, after being checked for errors, is left at the computer center to he run on t'e compute. Some time
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latcr often thrce or four hour Ilet - it *idl hay* been run andiiiill have produced WMni sMW of an output.
Typically the progriam will not have operated corrict.1y, andti de output must be examined for clue' to the
triors in the program a pirocss known as "debugging." Appropriate cardas awe changed in the program to
correct the errors. anil the deck is left at the center to be run again. This cycle repeats as often us necessary
until the program finily worksi pioperly, Then the so-called production run is made in which the program
does what It was intended to do Initlilly.

Beca~us of the piecemeal nature of this work, and the inter""in preresi of othewr buisies, the
time between writing the ptograti and obtaining useful results is often nses-"red Wn wtek. It somone doe"
it &Ul, front stmitto fin,in twoor treedys, he i u ~Ilyrwgrdns son o f intellctal feaL For
most mortals. so much effort is Yequired that computer programs are seldom written if' they ame to be used
twnly once. The pain of getting a program to work, coutpled with the genera feing that a ptogrimr is worth
writing only If It will be used often, has kept some people from takirg advantage of computers. Others of us
*-rite the progtam anyway. tiecause we think it's fun. We justify out behavior by offering to share our
program with others, but the offer is seldom wccepted, using somei e else's program turns out to be about
as inw-consurrnn as building one's own, particularly if it ha i.,en epared for use at a dlff,,ent computer
center.

All this is changing. A few lucky places now have rensottly sassed, time-shaed computing facilities
where many people can use the computer simultamneously via teletype links, with neatly immediate
feedback Of resuJl A pfrVgrm may he. written and debogrd in one ohort ietsion. To use one of these nc- .
systems, the programmner begins, as he alwtys did, by planning his program. Then he finds a convenient
station having a teletype or simflar keyboard instrument, very likely located remotely from the computer
center. lie calls the computer with a normal telephone dia on the console, thus connecting his keyboard
with the machine. When the connection has been made, die computer wil cause the keyboard to type an
acknowledgment, The programiruer gives his code number andlof a secret password which, if valid, is
followed by a computer request for further Instructions. The programmer then types his program directly
into the computei fromt the keyboard, bypassing the writing and subsequent card punching in the old
systemn. As he types, his program is automarically stored in the computer auxiliar storage - probably a disc
rile. When he finishes typing his program, he may ask the computer to repeat It to him As a check. crnd then
to execute it immediately or to file it away. If he asks for execution, he wiLl get the results in a few
minuteq, The output produced by the computer will typically indicate that an error has been made, at
which point he can correct his mistake, changing the copy of his progrm that is stil -storied in the

- - computer. He can then tell the computer to run his program again, and the cycle can continue until the
program runs cor rectly. The entire process may span only an hour,

The new procedure is economically feasible because the computer can servce many users working at
the same time. Each user actuAlly needs the computer only a short fraction of the time that he spends at
the keyboard. When he is typing the prog~ram or making a change in the program, the computer it needed
only to receive and store the input, and, at ',he end of each typed line, to do some simple syntactic checks,
consurrdi no more than a few mi"secorids. Thus, many users can be typing programs 3t the same time
without producing any noticeable strain on the machine. Almost all of the computing te remainsI ~ ~vaiial'c fur executing other programs. When several uFs request programs to be executed at the sm
sinK. the~y cb-lre the av ,dilb .omeutiig twait. Tlc tuliputer parcels out its time in short periods called
quanta. Each program waiting to be executed gets a quantum of comnputer time. Then its execution is
suspended and the computer turns to the next program, in a round-robin fashion. When a program is
completed, or when it niust pause to produce an output, it is removed from the queue, and the results Art
trar,snitted to the user. The time that a program must spend in the round-robin queue to get its needed
amount of computing time depends mainly on the number of others in the queue, hut not on the time
requirements of the competing programs.
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Of course the old .ytem also parcels out computer time to many users, but in a manner better suited
to the machine than to the user. The old procedure is called batch proceuing. When a program is submitted
to be run, It is first held until a batch of prolrenis I collected. Then the batch is made ready for input to
the computer. Some time later, the computer executes each prriram in turn, and records the reultls on a
tape. Still latcr, the tape is fed to a printer .titch prints the results ot each progam in the batch, With sch
a scheme. the total time to process any given program can seldom be less than an hour. Usually it is two to
four hours, during which tire the progtanmer must twiddle his thumbs or otherwise busy himself, in
tinw-sharing. the computer works at the tame tie as the pro rammer, translating his program as he writes
it, and running it as soon as it is completed. Because the computer is .o much faster than the input-output
devices or than the ptogrummr's ow thought processes, it can service a hrge number of peopk
"simultaneously," giving each the illusion that the computer Is his while he Is connected to it,

Reqlulments of Tr-Siwi*

Time sharing procedures require three things: first, the hardware for handling communication with a
large number of remote stations; second, a large, readiy acxerihle auxAiary storage device; and third, a
sophisticated monitoring program that responds to signals from the remote stations, keeps the round-robin
computation going, and produces outputs for the remote stations, always insuring that the several

* concurrent programsu do not get mixed up with each other. During the last decade all three of these
capabilities have undergone rapid development.

Procedures for handling digital inputs from several uncorrelated sources are at least as (ld as the
SAGE system. Procedures for transmitting digital information over telephone lines are even older; teletypes
have been using such a scheme for years. Lftiands for virtually error-free performance, however, are new
and are now being met. It has become standard practice for computers at regional offices of large
companies to send data directly to the main computer at national headquarters. Airlines reservation systems
use similar procedure,,. Devices have now been built consisting of a keyboard, encoder, and cradle for a
telephone hand set so that an ordinary telephone can be turned into a teletype.

The second requirement, laine imounts of slourge, is beii4 ot by disc fi.cs. Vcry , disc fles
well as very large core memories are now available, Still, storage is one of the severe problems in
time-sharing. All of the experimental time-sharing systems ran out of storage space very swiftly because the
designers forgot that programrers hate to throw away old programs. Befute time-sharing. progranmrs
cluttered their offices with card decks; now they clu .e, computer storage. In practice, of course, there is
continual pressure to purge useless programs; unused programs are relegated to a storage tape in the
"deep-freeze" that can be recovened only with manual intervention and considerable delay. Nevertheless,
the working file must be huge.

The third requirement, the complicated monitor that controls everything, is a natural outgrowth of
two Lines of software development - proirams for on-line real-time control systems like SAGE and the
collections of utility programs, compilers, and monitors that have grown up in coanputci centers, In the last
decade, programming languages like FORTRAN, ALGOL, and JOVIAL have gained universal acceptance.
Moreover, techniques for producing compikrs lt such languages are so well understood that new languages
with their compilers are continually being developed, With so many compilers on hand, it becomes a
tedious task to get the computer ready fur each new program - a task of the surt computers do better than
people, so supervisory programs called monitors were developed to iun the programs automatically. It is
but a short step from such monitors and from real-tirne multiconsole control systems to general purpose
tinri-sliarinS ikysicmmi.
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Iii iS ~ o -1ii1i nc': Aci; ci 'h~ !:!Ile '. i ?rpe A v':,odtnv to A L Sojtntiel I)
41 3hizt lho tlittle ('hrtmiiie Sti ailw> (P, Johnm NIL( "itthy W41 3. C R. Licklider (5 ).FI J. (ortitiil)

and J. C. Shaw (7) stattd work IIn I 0mc oar I, ite earlieMt % iCn op-ration were the (15i stiol IIt
thc M.I.T. Co' tpulition (ornier (S), thc iysteni "ri the PO1*-i computer at Wilt BeAtiek A Newman ('41 arid
lite JI055 vreri at KANI) (7), Shortly thereafter fouwed (fie Iw lafge-Waki Vopetimeots P~roject MA(' it
M. 13 . (10) J id I I i Q-32I timei-sharing %ystemu at thl E7 S5icit Neleipment Vrprittim (ItI) hoth olvilported
hy the Advanced Reseairch Proietis Aeiy (ARPA) of Lte United States% IkpattV~nt of t~olonse, lirgely
through lte ellorts of J. C. R, Lseklider, Other systems w-ere put into vperiikns at tiatiouth, Stanfind,
and Cstnelie Institute of Techniolifogy. and tife list is growing rapidly, 5S;eat olecal avaiable
Rystelms have been repottd rcently. IBM Offers a versiot, of FORTH.,olto called QUIKTRAN. G1r ilfferrs
BASIC and ALGOL: Adam and Associats Wot Rerwk A Newman, ' ad a variety of new Companies ate
offering selikces.

Technicail Problemns

lirric-sharing van he imiplenmented on any general purpose digital computer. Special iti-out cquipnrent
is needed ito mwialge the remote consoles, but nothing special is required of the central prtocesiort. Thle
Psychology Departnment at Carnegie Tech has a con-puter-based laboratory built around a small (16K)
machine, a DDP- II (12). Several independent experiments can be toil -it the swme time, or several subjects
can be run in one experiment. But we could dip better, and the large %)ystcmg could too, with a machine
specifically designed for le-sharing.

The main problem Ii Implemenstinig A timec-sharing system is precisely how to share the lttle, At any
point in time there may he inputs to be processed. prograns to be executed, and outputs to We transmitted.
The inputs arid outputs are not iite-consunisig, but lte), art in~istentl. Sonic large systems now use
separate smiall computer for Input and output procesing up the main processor can spend all its. time
executing prograins. It seems likely that this will be the best solution.

There remnainsi the problem of executing thec programs waiting in the round-robin queue. Hlow long
Wtiuuld lte culliputral ion quailuni lpo. S.v. iaita afr~ iiedCd to provide fast response to users, but short
quanta mean large amounts of "swap timle," the time it takes it, switch from one profram to the next. On
present-day machines, the current program must be transferred ito auxilliry storage, and the next program
in the queue must then U,: transferred into thfe main menmory before computation cAn resume. The next
generation of' marchines will hive a main memory sufficiently large to hold several programs. Then programs _Ji
can tv swapped at the same timne that another program i., being executed,

Another difficulty with short quanita is that tlte monitor program itself must operate between quanta
to keep its tables up to date. The time spewt in this way is called overhead. Some installations plan tol
eliminate monitor overhead by havini. a eparate proesso for the monitor. Thit Ik expensive but does
pernit the prinie processing unit in olperid all of its time In executing programs in the queue.

The mo1(st legitimate complaints come from users with long progranis, especially production programls.
who were well served hy hatch processing. Short quantu reduce machine capacity. which seems always to he
in short supply. Noninteractivi: prcgrains have no need of time-sharing, and their authors du not like it) pay
the pricer ol reduced natchinec capacity in order to provide special services for utheis. Such cumplaints will
be less valid wheni swap timir and overhead are virtuall) ehiminated, Another ptossibility is ft provide a
Separate pril-eoisor fill long production pirtgrans. Of ocouise. no matter what is done, sonie priigranitivers
will he dissatisfied, Thle sinfoe progranmm who complained abut four-hour delysi Ii hatch prioising now
complain athiut four-miinlute delays ill timle-shadring



A different pioblent aoses 4ci.au%c Cvinl progrim ire tin the soc ciiiputet. Iadi rin-gran inuot
soowliow he prevented front accident ally, or dcli QraI'l0) . intelf". trig lI the or lii. When WsClejl
programls are tII he In primary memiory at tile me time. hardware devicei called wmr.ore-ji
reglsters itlh iiit ,nnitsir tol rerye as referee. ig offt each progron from file oilico and liom tile
nonlitor. Skittwair clltre ill 11V imojtoir callil *it'o rd lirrnt inadveritnt jcct%-% oil untlioe l
recrds In aux~ltry storage. Although tolday's %Nstcnis canl provide protectiimi froni accidentis wnrd honmw;t
inkstako, they at proibabty tic ritatch tot a ckvrr Ypy. New deveinpnints ate roccd to floarailtce privacy
*hich is 0swritial in some applications,

Developments in conunnmatuin devices are also needed. I he keyboard is riot thit best *a* tor Inert
and machines to commnunicate, Graphic input and output are needed. Current firriplu di~play%, in tile forml
of cathode-ray tube devices and cuorepunding gtaphical input procedures are wldcriand devii;e. that
C21 not0 conveniently ht controlled at remote distinceiK trom thec iomputct. Methoids of handlinm uclr
equipment remotely will undoubtvdly he developed. Further in the fuitue is [lie possibility olt transanittng
computer programs by voice rather than keyboards. 4nd even more lttle will elapse before %e ate ;ahie tit
taii to thle machines in natural language.

Currently thle language that niusi he uisvd in roan-cornputer conversations is far froml natural.
Time-sharing iystems have tint altered computer languages mnuch they have merely added editinig features,
Considerable improvement can now be mnade by paying close attention ito designing twiet lalmguagc.
Ynt~nsa (13) argues forcibly that the user must do too tMuch Of the bookkeeping that coiuld as casily be left
to the cumputcr. In doing nialtix nianipulatioims, for example, tile user should neced tol relairl thve
dimensions of a matrix only once and then let the computer keep trick. ais JOVIAL doe';, hutl as
FORTRAN and ALWOL do not. He further argues that such languages must be intictive. Tile %scnti~t
typically wants it) try something, 1041k at flth reiults, consider his next move, and ity again. In fact.
timse-sharing system~s have spawned several interactive languages oriented toward thle problems lin
particular discipline. The list includes computer-aided design (14;15), operations anilysis (10), structural
engineering (1 7), algebraic computation atid analysis (18), and mathematical analysis 119.20). hit
personnel rescarch, the most interesting and useful such language is TRACE~ (Tusm-shired Routines lor
Analysis, (lassiication, and E'valuation) designed by Moore. Meeker. and Shure at System Development
Corporation (211). Problems of data analySis in the social sciences can be expressed casily Ii the TRACE~
language, and many scientists who are unwilling tu learn ALGOL or FORTRAN will now I*- able ito use file
computer.

Advanilages of Tinit-Shatring

Time-sharing systems are very popular, arid progratner, who have used tmemin ire -isne oi o llm
Ito go back to the old mtethod. Although tile experimlential sysitetris were suppleftenits to tile roinpullrg
povter at their locales, they' quickly becarne overloaded. Sk am*' % I ti% is just anl inst iO' (of

Pa1 ison's Lass: Wotk eXpandsh 1t) lil 1-ltlcie Available tor its &tmplotion. A more likely culprit is tile first
law of the instrumtent; Give a buy a hanier and hiv Aill soon lfi( .flat ever) ting tneed% pounrdinig.
Tinstc-Jiaiinj l~ o A computer, in a senws, to arany people who i would nti i oubtt to learn onlpu r ing
fiie old way.

Bu t the r, are more co genrtt reauw% ill foile' popuitlarty and %eryr laso hit:hsa~ o fu thle
line-ghar ing systems. First. thle Iiine-sha ing s ti arc especial I) well suited to imeicsho nit p' grin lit l

wihichi thle concePt itl a product ion run os noit 4ppli cable. I hie pri du l;ri rgi arr i% eiklwoted Ill bl: ron
ove r and liver again withI differ ent sets iot iiiIs WhrJ tile onie.shiot pr i ill'amo sk ill be rutl i11 %i 111%i AilwitI

iine swt il dat~a, and that will he thi-t. A great lnuati calcriiatiiin ill resei ilrouject% at iadeic iomitiiiol



and ast Vr'-'t 10-f'titimo [kill ,.441 to~ he IIf tit, "!VV!,;. 2M itLwh fM4 IIittioM9 tAvS fmity a few
* w~n4-...'t aulition, Lui ckcr tic* progranj. nIt matter how short. M41,14947 a ctrtain Amount of

dchilA~jing I Vidcir the Aid vr stein. IfI a Job i-Mild be done by hand ill a itw days by using a desk calculator or
if% rqrit~atcn. then it might so *tll be done that wisy hecinne the computer Is not likely to beat that t1me,
(Indcr tn w-A te the bilrokeveri time Is a few hours lather tham a few days, In fact, In many cases It

*Wm~nld 11i) .ill eniinnccrung ituder- 1 his homfewtirk -in a contpuldr, Itflic were alluwe'd access to it,

The ciuiiaa mode of iinw-sharing nim only shuttns the overall process, but it actually tavoi
* ionpult time. A major sourve of rormining erro" is d~hugions itself. Confectlng one error Often resulti

in j wi~ond error becauisr the progriinirt has forgottenl the dctalls of his own program. Whein the writing
slid debugging can all be hone at one sitting Steo ptopitsmare can "Mlay in conltext" throughout the process,
he will muke fewer errors, and less computer tine will be used in debuslinS. Also, the programmer can stop
the executiun of his pworamn if it sltlls producing obviously ortrneous results tiwa sav.inr cottt time
that would tiavc 1wen wasted in a batch-promsng mode,

An impiprtant by-product of the conversatilnal mode is that the computer can be used as a teaching
machine for beginning programmers, Trial and error, followed by immediate feedback, reiults in iwift
learning. again prurmo.ting the use of the computer by persons who have one-shot problems, Further, the
ability to correct ef foes Immrediately reduces the onus of error. Computer languages require such precision
in stating problems that humans inevitably err, When each error, however trivial, %wits hours of lost time,
new piroogrmmers easily become discouragd; even experienced programmetrs have difficulty coming to
term% with their own fallibility. The conversational mode dtastically reduces the cost of errors,
prog.lammling bcows lens painful, and more scientists are willing to Invest the time to learn the art of using
connputors, It is not frivolus to condude that the productivity of the scientific commnunity has thereby
been increastd,

A third advantage is the consider able convenience of having programs stored within the machine, at
the fingeilps but not cluttering the office, Programs for standard analyses can be set up to be used us
needed on new sels of data. Or thesw pgograms can be reassembled into new ones for special jobs. The
storage featuro! is also ustful when several programtrmers are cooperating on aspects of a large system; each
can have immediate access to the other'i products.

Remote access has sume additional advantages. Anyone having access to a teletype with the inverted
computer-coding feature may, if permitted, -ik any computer system with a remote foalliiy, A Scientist
whu aeet& to use a ptognm *ritlen by a collcallue at a different computation center no longer has to
endure the headaches of movini; the program to his own computer. With remote access he can use the
pickgramn on the mschine for which It was written, with a distinct savingl of timc and effort. Also, a scientist
masy use his own programs on his home computer when he Is away from home-eg., at the Center for
Advanced Study in the 11ehaviotral Sciences-rather than transplanting his program to a new computer.
Finally, It is reasonable for uI&~al colleges and universities to consider pooling their resources to estish a
central computing center that can %erve the needs of( all of the parllcipatlng universities by mseans of remote
ftlr-sharlng facilities.

cogs

The extent to which the advantages of time-sharing are worth their cost cannot be determined yet.
Tiinx-string symstrm% are in their infancy and any comparative evauation at present would very likely favor
the more well-established procedures. Certainly there are some serious questions about the economic
feasibility of such procedures, but it is too soon to say anything very definitely.
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At prewent, the cot of fihe tirtri.ihating S,~ofsare eiori~idelihle Ili Iddllwo III 01C kL'sr, A
necesyary hardware and software. there are a ttumber of losmi ill ctlficni.s mI kompaii"'1 *111thfile old

ptocedlue. First, the machine is now handling the remote input anid ouputi. being i urt of file delrk for

Service firme. b duPc the mon~fitor iII much lmte c-Implicaled thin in the told ... Itern., ill the larfe"I rnilt11

wre the swap time and monitor overead timec spent is thic coniputcr switche, from one progiami Io Ii- n iies
W_ ~in the execitin queue, New eqttqInirint is britig deSigned to eliminate or dr~itic~ily reduce these frne, but

additional equipmffent uvually mewans added expense.

Althiough dt costs are 2uhstantrlW the debate is frernuntacen of earlier issues in computinK that have
all been decided in favor of convenience and power rather than speed. machine efficiency .Arid C% JVWn The

use of floasln.oInt riither than fixedi-poit arithmnetic was such an mulic n the early dayr., Hxcd-pcrini

FORTRAN was introduced. FORTRAN greatly ituiiphidred the task (it programming, at thle coo of buit
compiling time And a little bit of running time, since comipiled progran-ir were slighly kinger thir iii

optimum. ilAchine language program, Today compilcis like FORTRAN arc used univeisall%.

I There is even a question whether the timre-sharinig syftm thould strive to) reduce operating time iis
much as possible, Today there is a tendency tu criticize FORTRAN for spending too~ muck imie trying to,
write optimum programs, Tuday's compilers, like MAI) and ALG_'OL. tend to work imucl taotr thin
F-ORTRAN and to produce less elegant prograia just. bcauw. in one-hoir prograi. tife c~ompiling time is
much miore important than running thine. Perhaps in timie-shiaring it will turn out thi the main VNitleni is
to reduce total tioe at station, so that most effort should be spent in imiproving dehugginig and editing
facilitiois rather than in improving the efficiency of the monitor.

It But .he final worth of time-sharing will be in the new user-, it bsrings to tife comnputer, the idditionil
6 research it 4nipires, With the development of special interaction language,; suited to the probleim of %pecific

disciplines, scientists in all fields will literally have computers at their fingcrtipii. New things are sure ito
follow, In personnel research, as I have recounted elsewhere (22), new itelliodulogics are already appearing,
sch us Shepard's non-metric methods (23), arid new solutions are appearing fur old prohlenvi. such as

Eber's maxplanc algorithmi for factor rotation (24). With a computer, iterative solutions ire feasihle. as are
solutions that depend oil billlibing searcli methods to Find K-,.( fitling parameters. Special progrinmming
languages lik~e TRACE will facilitate data analysis. Even irsethodologists will be helped in their everyday
work. lhow often h..ve you g(rtlen hung up 'in sone algebraic exprcssion that ke.'ps getting longer atad
longer. Programs like FORLMAC (25) and F'ormula ALGOL (216) are now aijheto do the oanipulaltons
and simiplificat ions for you.

Conclusion

Much retiains to be learned al: k time-sharing systenu, and n-tiny change, and oiproieinrts will
* certainly be mad. :. the next few years, However, it is already safe ito wa that tiiir.sha~ring will becain thle

standard way 411 using computers in the future. Large fraL ifis of recenit coniputer coais'clion' hav,: heeri
devnted ao lime-s~haring. In the fasciniting fast-paicvd world of computer, tircsa i s definitcly ti
Mechanisms are already being discutsed (127) ito provide flexible capacity at a comiputing center to like care
4)f peak load%, Eventually, as Mc~arthiy envsuged (4). we are likely to "e a ciniputaiional utility akiti to
electric power or the tolephione %ystii., with flexihle capacity anid w-ih remote byes thousanis oh
users. LuAng before that liappens.-indcod within thfe iext tive yeArs-research sc~erltats %ill het i% dependent

*on theii teletype linik ito thle computer as they are niow onl their slide rule, desk calculator, and telephone.
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VII

PROBLEMS IN PERSONNEL RESEARCH

Lloyd G. Humphreys
The Universty of Ilirsols

It is not vey rentakaWt to c tude that the principal
problcin in selection research is that we do not predict very well, It
is a modest, useful level, but a way from our ceiling. Perhaps
some of the ramifications of this ;.oticlusion will be more interesting.
Additional aspects of our difficulties in prediction are that we have
not been showing much improvement in accuracy, that accuracy
diminishes markedly as the time interval between predictor and
criterion infortation increases, and that further dtcreases in
accuracy seem to occur as the subject whose behavior we are trying
to predict moves from training to the job.

It is somewhat more remarkable to conclude that trait theory,
and In particular that part of trait theory stemming from factor
analysis and homogeneity analysis, has become and may always have
been a dead end. Until better psychological theories are developed it
will be more useful to concentrate on becoming better test theorists and prediction theorists than to
continue the search for pure trait measures. I hold also that there is no great difference between test theory
ind test technology. I recommend, in other words, that we approach the prediction task in an engineering
fashion. We should try out the theories that arise from basic psychological research, but we should not hang
on to theories that have been tried and found wanting. Many psychologists apparently feel that to work
without a basic theoretical orientation is not scientifically respectable even though the theory is useless or

T- evennisleading.

Documentation and logical support for the above generalizations are obviously needed. A nunber of
years ago Robert Travers (I) in the Air Force Personnel Laboratory reviewed the trend of predictive
validities over a number of years for common criteria, The conclusion was inescapable that little progress
had been made in the prediction of these criteria and that the level was only moderate. Dr. Edgerton also
reached this conclusion as we heard yesterday.

New criteria may present apparent exceptions. During World War II, in the Army Air Forces we made
remarkable progress in the space of a few short months in the prediction of success in primary pilot training
(2), but we reached a ceiling rather quickly. As soon as we found out we were not in the academic hall
park, which is where we started in the spring of 1942, we were able to move by the following winter to the
mechanical, spatial, practical ball park and to values of validity coefficients very close to ,mat values. Rapid
information feedback and good test technology were the primary bases for this achievement, not basic
psychological theory.

It is also somewhat deflating to psychological theory to review the history of sonic of the most valid
tests for pilots. The Complex Coordinator had some slight connection with an early psychologist. O'Rourke
of the Civil Service Commission, but the main developmental work was done by flight surgeonm (3). The
Rudder Control test (3) was built originally by a pilot interested in training and was being used as a training



devi ce at a pr rit schl ic~heit Neil War reni and I saw it on an carlly fiel d trip. 1t was coniver ted int o itts
h) ltcltolopist hecause it looked promising empirically. which is itiother wa> oif saying that we had a
hunitch it would work. Instrumonict Com~prehenstion (4) grew out Of Wilbur 6Cirgor s's ilitViVIwS Willh
''washed out** pilot trainees, biol true it) his acadvui t rainting (irgor) s set ston was a higll selb.il affait

fht or a short wile seeid to reci t r a negative weight in t w cli ssi fica tion battlery. The mutch more valid
[litnglaphiei vcrsion wa- lte idea of a bsigltt enliited mlan. Milito Ilutdiaoi. *hu hiad had oA at
sminatcrtng of psyehology iii his undergraduate work. The Getteral Information test and it% predecessors (-4)
cats he aittibuted primarily I believe, to John Flanigan, hut it ii haitil to imtagine anyt hing that departs
more widely frout lte notions ofrii-atrhitgmct lerss

A well knowns review of Oll-the-job validities hasi beets done by Brown and Uiiwlli (5). They aire low.
Thorndlike and Hageii ((,) had generfally negative results in predicting present proficienicy critvria in) their
tollowup study of World War If Aviation Cadet examsinees. A long history of military personlnel research
shows that tests do not pr~dict on-the-job success as an officer very much better than' a set of randomi
numbelhrs Woultd, If you cciid a group of officers hack to sthoe', however, their acadenmic success calt be
predicted nmoderately well. Officer effectivettess on the job can also be predicted moderately well by peer
ratings obtained during training. Unreliability of criterion information arid restrictions of range of talent are

it".d tenuiatill f.actorS, but thcs: factors do nut eXPla2in the very low test validities obtaitned for
on-the-job criteria.

The stability of performance measures over time is another cuitical issue. John Andeirsoti (7)
sumnmarized such data for initelligetnce test results a number of years ago. hut little attention was paid to
either his findings or his conclusion, lie stated that the stability data were cotisistent with increments in test
scores for a given period of time. being uncorrelated with the base al the begintiinr of the period. What is
this base'? It is the response repertoire of the sulbject which htas beert learned, but it is not lirnted to
specifically acquired skills and knowledge since stimulus generalization and transter ire also principles of
learning. This should have severely shaken trait theorists. More recently Juola (M) has publishted stability
data for grades in college of several semesters and the trends of predicti'le validities for lte independent
semester grade averages. H-is data are coisistent Withi Andetros interpretation. I have tried to relate these
and other phenomena ito Guttman's simplex and have p- " lisheOi additional data (9). Today, I would like to
review a few sets of published data and to presenit so'nic .!wnkly unpublished data of tlte waine sort.

Table I present! test-reteSt data Ilor boys overa period of u.-veral years. The basic data were from the
IHarVard Growth Study (10), though I am responsible for comtputing tite correlations, It should also he
niotled that lte N varies from one cell evnm ry to another. I shall at tempt no detailed analysis of this or alty
othser [able. The form of the matrix is lte important thing to observe; It is apparent that the high values of
the correlatiotis are adjacent to the principal diagontal and the lowest values in the table are furthest
remtoved fronm lte diagonal.

Table 2 shows that a similar pattern is obtained over a much shorter time interval in the learning of a
motor skill and for a constant N ( 11). Ititercorrelations of a physical growth measure appear in Table 3.
again for boys and again for a changing N. Tables 4 and 5 contain intercorrelatiotis for height and weight

for a constant N for girls. There is no sex difference in this pattern. There is alsos no difference arising from

We now turtn to the public school arid sonic coniortly used intellectual mecasurtes Tables 6 through
10 present intercorrelations based oit a conistarnt N for various time spaits for children in lte Chanmpaign
schools. A similar pat tern appears withitn the titme limits Of a sillgIC Semester, this time hight School
muthernatics. The data are its Table I I and again thie N is constant.



Table 12 conltj s the intcuire]ations tit iadeb ill successi s:etcri of lorgi.ll ltign
Inslruc:lilin at the college level. T-ible 1 -1 has scile.lef gr -,d¢-| inl aJvelages w lgllcs ith eachl inieslet
average¢ bvitlg olmpuled independently of" the test. Would ;in o.11he-job preficiency iri-itit¢ i:pt tOPIollow

the trend ot would there be a basic discontinuity? I do not know the answer. but it is possilble that low
on-the-job vatiditie demonstrate. at times. nothing tmore than elrformance instabilit) oc .i tite. Table 14
has similar data for students in a liberal arts college. In All at these tables, the N is again constant,

It is obvious that unreliability do.s not produce the lower ctrrelationt observed almost uttlfortliy in
the uprcr right or low~r left cornets of the tabkcs. Neither is resttrwti of range uf talent involved. illie
are changing. It is also well-nigh certain on the basis of logic ithme that predicthT validities of tests given at
the beginning of the period will decrease in a similar fashion. Juola's data, previousl. mentioned. confirm

thi.

Table 1. liti'enr rrillition if MIvntal %lzr. if In . at ,iriiu.. b hronoli-iirl n] zv%

I 1 10 t1 12 13 14 IS 1 6 1 1

8 721 712 -47 -29 617 '( )H 18 (.s 2 r 111

9 721 751 721 714 ('96 ( ;. (11 0 9 '8 ')

10 712 751 816 -69 704 -26 9 () r,)4 S.3

11 747 721 816 859 787 -4 t 4 810 M U2 -r6 6I,8

12 729 714 769 859 851 "-8 -" 86 of, -s -2

13 657 696 704 8- 854 86 4 -8 -H " .i

14 598 634 726 -45 78 86.1 S39 -8 -so 65

15 648 615 38 810 "86 7,1 81) X(. -9 -w

16 652 609 699 802 806 -0 --s 8,. . 88

17 556 58f, 604 "'6 --5 -80 50 -8 8

18 444 509 543 638 732 754 "(5 .14 -hs S2h

Table 2. Intevorn' h liin% of TriaI% of ( I) M.*l ( l C trdinatin 'l'*-.

I 2 3 4 S 6 7

1 7" 73 66 64 (' 9 €,

2 75 85 85 84
1, 73 85 85, 8) 1 81 )

4 6 85 85 90 SS 8( Hi
5 64 84 83 0, ()) s W,

6 57 79 79 88 q0 S S6
7 69 77 81 86 8 ()0

8 59 7(j 79 86 tn

I,(



rI ,sb 3. hli~w li.t..h o ii f M r Hni1 lihvlt- of H ,% lariou= (Zh ,niml,,o1i pr %

5 9 10 II 12 13 14 Is 16 I? Is

H -9 91 n6, 943 94m 8 8 844 850 K2j 760 i
9"8 988 9") 960 923 8"8 H(, A 862 827 . 5

P0 88 990 9-5 940 88 17 KI 81 4 2

11 964 9"P "9O ts" )S 909 88 880 843 801

? 4 .Oc0 975 987 9(" 928 89 ,  81- 86 808

3 , 923 (40 9 16 9Y 96v 919 872 811 743

14 858 88 86) 909 28 9" 9012 889 789 687

16 MO 862 8 3 880 S"" 872 889 952 940 817 t
I" 82 82" 842 843 836 811 "89 9j6 910 95ot
18 '60 -5 "2 801 808 "41 (I7 099 81" 050 1

'able o. Iletrvormliation of tanlins Ih'ight of 271 Gift. tit %orinu, (hronsilogl.al % v'.

7 1 I 10 it 12 13 Id is 16

98" 980 9V, 920 HO" 88" 866 836 810

8 987 989 9(9 ) .93i Q)14 % 4 882 850 824
9 Q80 989 986 954 02- 009 8141 844 81 1

10 957 99 986 9_9 9,11 911 865 816 780
11 920 934 91.1 9() 9_4 923 855 "90 "47
12 897 911 927 (.I" 9"4 964 887 810 763
1I 88 004 909 911 923 O (K). 90 (01 860

H 866 882 881 869 855 8W. 961 974 948
i 816 850 8.14 816 790 810 901 974 989

16 810 82.1 814 780 ".41 "( 860 948 989 ]

Tahh I, latervorr'lation% or st'il t )r '27) W;rl.s at \.riou% C:hnolhKvl %.pr%"

a 9 le 1 11 12 I3 14 is It

890 8 83 810 79s "1 5 73 744 732
8 89) 920 896 8"1 856 825 812 771 759
9 88O 920 0.2 906 882 840 818 773 756

10 85 896 932 9H 936 892 842 77 755
11 810 811 9X06 998 9" 921 866 790 762
12 "9 I 8O Ki2 936 967 09.m 892 816 775
11 ls"5 8 5 S40 H92 921 91, 4 94.1 R810 8.39
1.1 -. 1 812 818 8,O2 86 S 892 944 953 916
15 ", -"1 773 "' 94 816 880 993 965
16 2 9 756 "5S5 "62 -1; H V 916 965

.
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Arithmetic athei

(N -142) (N 276'

459 43 4 70 63
5 59 62 5 70
6 43 62 6 63 -70

Tablu 10. Inirwoiwlatlon% of S.4ore as Tio Laumpte Tr.Smt from Grade to';md

Spelling Mlechenics

3 4364 56

3 52 49 56 4 6 59
4 52 (63 02 567 618

5 49 01 6,9 6 59 68
6 56 62 69)
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rdlie it) th avwniwrt oif previous iltrtatlitns od of probahle ittrvetifrg situjsilons, as Well as to) the
woiwtit the criterion ituatiun.

In 111C titeintime1 We CAn 111214 %stiv progreu. as mnfsloned eirlict, by (ortfin14t raits and
ficlor-purc nwcasJtei Ant attenpt to niard the behavior sampled by predictir tests with the. hiavivt we

nIS! ft: prciil 1; ;iit") pe ht lood string point, iust rcenbehitng that both piedictor3 aind etitia
Urnple hthv1i is art impotant Fitli forward from the bef or h"p that we are really measuring
undc'rl loo titii. We should ailo start with a tnt theut) that recoinsles that mtiti are cam"es of items
4w, if ),fit preter, "tat miost psycltuiogivil measures are t.ets cmptuSed of multipe Ites. Classical
rncasureitttit tlieorv i% not helpful in this respect at ttest and for the unsophisticated cart ictually he
mtieadin. InteriAl coossutcy Item annaly'sis mutt Ne isd *ith grrat =tn "- t We Co- wtfr better
It-M. WC :,Al P-WAdg items in mote efficient ftini ror ptedicliun purpise.. and we can combine ire.t
infortitition in better ways, I have not the siglitcst dubt, for examsple, that a test designed in accordance
%jith %somcihins like a facltr-type analysis will he mote valid fut prediction purposes than one designed in
accordance with homogeneity theory. I am also coinfident that selection for retention Is inurc rewardinig
thain %election for itlswt-ranse peforming in training, If we find, as we might, low or even small negative
C~trrvlations between retention predictions and training predictions, I would not feel aWarmed, We should
instead takv it hard look at training content and methoidulogy.

Let uts not reify test scores and make predictions by speculation. Let us not try to sweep nor
Inadequacies In long-range prediction and on-the-job prediction under the rug. Instead, let us stick close to
our data and obtain more and better data, An -mpiticai point of view, a good technology, an adequate
number ait examinees for tryout purpostes, and a good record system to provide for foiluwup will carry us a
long way. The prospect is not exciting, but this Is where I place my bets. In surmmary, let us be good
engineers
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VIII

PERSONNEL RESEARCH FOR THE GREAT SOCIETY

John T. Dailey
The George Washington University

At the first meeting of the President's Committee on Mental
Retardation in July 1966, its chairman, John Gardner, Secretary of
the Department of Health, Education, and Welfare, told the
Committee that its prinary function should be "to find ways to
enable a person to be whatever he is capable of being - to provide
him the opportunities to reach his potential." The Committee's
concern is not Just with the mental retardates in the lower 3 per
cent; rather, it is supposed to be concerned with the whole spectrum
of abilities from the point of' view of enabling everyone to reach his
full potential.

From the point of view of personnel psychology, this is
probably an ideal definition of the Great Society and what it is all
about. The Great Society will be that society where evey individual
has the opportunity to reach his potential, whatever that might be.

One of the primary concerns of the personnel psychologists in the fut hould be devising new and better
ways of assessing the potentials of individuals from minority or disad, i, d groups.

One of the greatest problems in counseling and educating the disadvantaged is that existing talent
tests do not identify latent talent that a student's environment has not permitted to develop. They measure
the sUIlls4hat he has developed but-not the skills he might have developed in -a more -f.vorabl -environment, -
New approaches are needed to the prob.'em of identification and development of the talents of the
disadvantaged, and such approaches are flow under way at The I ;eorge Washingion University.

Teaching Basic Vocational Talents

If our low-income youth are to have a full chance to emerge from poverty, the quality of their
education must be massively upgraded. This means more than just keeping the students in bchool another
year or two. It means having them learn more and develop their basic educational and commnnication sk'lls
to a higher level. It was found in the Project Talent study (1) that many of the youth from deprived
backgrounds lack the basic skills and aptitudes necessary for many of our more highly skilled jobs which are
most in demand due to the inero~ising pace of automation.

The George Washington University has developed a new curriculum and materials for raiking the
vocational talents of youth from deprived backgrounds. This work was carried out under a contract with
the U. S. Office of Education, entitled "Development of a Curriculum and Materials for Teaching Basic
Vocational Talents." The materials developed were tried out and evaluated in! a rpresentative sample ot the
nation's schools in eight school systems (San Antonio. Texas; Allanta, Georgia. Wise County, Virginia;
Washington. D.C.: New York Cit,; Bayonne. New Jersey; Erie, Pentsylvania; arid Detroit. Michigani).
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The fundamental new approach on which this project was based is actually to train students in the
skills of nonverbal abstract reasoning, mechanical reasoning, and spatial visualization, These types of skills I
have been found to he fundamental to the understanding of the technical training required to meet the

demands of industry and military services for technically tiained personnel. By direct training on material
similar to that used in standardized tests of abstract reasoning, mechanical reasoning. mechanical and
Olctrical infunmation, and ,patial visuali.ation, tie basic unditrstan ni: , and skills of the students in tise
areas can be increased.

In addition to the basic aptitude practkc exercises, two other malerials were used in this special
curriculum. One Is a series of basic remedial-type readers which have been developed. The readers were
designed for mature eighth graders who read at the sixth-gade level or below. They are profusely illustrated
and designed to fit in with the backgrounds of disadvantaged students. They provide reading material at a
low-difficulty and high-maturity level, with content that is directly related to occupations and adult living.
The titles of the readers are:

Transportation Long Ago
Transportation Today and Tomorrow
The Automobile
Occupations for You
Tools and Basic MachinesI

The other part of the curriculum consists of a laboratory course with equipment and simple
demonstratio. devices for teaching students those aspects of mechanical ability and basic mechanical and
technicil comprehension that are not suitable for teaching by readers, paper and pencil, or fined exercises.

On the posttesting at the end of the school year, substantial increases in these scores were found for
the talent areas where instruction was given, but only normal growth or less was found for the areas not
taught. Abstract Reasoning, Two-Dimensional Spatial Reasoning, and Three-Dimensional Spatial Reasoning
were found to be especially trainable. The data confirm that important changes in vocational talent test
performance can be effected by the curriculum materials that were developed. It is planned to follow the
students into vocational training to determne how the increased level of skill on the tests is reflected in
greater trainability.

As the development of the new curriculum and materials for teaching basic vocational talents in the
eighth and ninth grades progresred, a number of additional ways of using the materials have been indicated.
Among these are the following areas:

I. Use in adult bisic education or literacy training.

2. Use by the Armed'Forces.

3. Use in short concentrated courses to assess how well students learn various tectaological skills and
concepts and how well they like learning them. On the basis of this, they can be 6uided into appropriate
long-range training courses.

4. Use, in special summer programs, for which such concentrated programs are appropriate. These
would assess students, sharpen their talents, and guide them into vocat.onal training programs.

The primary purpose would be to give students a chance to learn the basic talents underlying success
in training for technological careers. On the basis of how well they learn the various basic technological
skills and concepts and how well they enjoy learning them, they could be guided into existing high school,
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junior college, or other post.high-school programs for technological careeN. This represents a new approach
to the. problem of Identifying and developing the latent talents of students from a wide variety of
backgrounds, who may not have hod an adequate chance to learn the skills and concepts sampled by
existing occupational aptitude tests. In effect, such a program could serve as an aptitude test and also an
interest test.

It is hoped that the new currirlun and materials will enable schools to shrengthen the basic

vocational talents of their students so that more of them can develop the basic skills essential for emergence
from pocrty.

Influeice of Tefhlq on the Factoial Stucture of Talent Tems

Mechalical talent or aptitude appears to bg a s"ill largely learned indirectly through a variety of
out-of-school experiences. A rural or smail-town environment is particularly rich in such experiences;
mechanical comprehension may have been well named "Barnyard Physics." One objective of the project is
to determine how young people acquire their mechanical comprehension and to develop and evaluate
materials to substitute for the lack of environmental stimulation in mechanics and technology that
handicaps most of our young people today.

In order to study the relationship between skill levels in abstract reasoning versus mechanical
reasoning, the test scores for these two variables for each school were plotted for eighth- and ninth-grade
boys and girls in the eight school systems studied. It was found that all of the groups showed
under-performance in mechanical reasoning as compared with abstract reasoning, except for Wise County (a
rural area). The other schools were all serving low-income areas in large cities.

One approach to this was a series of factor analyses designed to shed light on how environmental
influences and other formal training affect the factor content of the tests. The first of these studies has

shown large differences in the factor patterns of the fourteen pretest subscores for the eighth-grade boys in
rural and urban schools. The same forces that cause over. and under-achievement on mechanical tests also
ieem to operate to change the factor content of tests.

i Table I shows correlations between the tests and reading comprehension for each of five school
systems, for all Project Talent fifteen-year-old boys, and for Project Talent fifteen-year-old boys not in high
school. As can be seen, the patterns of correlations vary markedly for the various groups. The means,

_ - - - standard deviations, and rotated (varimax) factor loadinp for the five school-systems are shown in Tables 2 -
3. 4, , and 6. It can be seen from these tables that the five groups vary enormously in mean scores on some

- of the tests. A clearly defined verbal factor appeared in four of the five schools, but no other factor

I appeared in more than two groups. The factors that appeared were, for the most part, the ones to be
expected from previous experience to be found in a matrix of such well-known types of tests.

Each of ther five groups of schools had a factor pattern that was different from the results of a similar
factor analysis of the correlations of the same tests based on the Project Talent sample (2) of 3,656
fifteen-year-old boys (in and out of school). In this analysis four unrotated factors accounted for 76 per
cent of the variance. When rotated (varimax), these factors appeared to be Technical Information,
Three-Dimensional Spatial Reasoning, Verbal Reasoning, and Two-Dimensic-nal Spatial Reasoning.

It would appear that correlation patterns based on a nationally representative sample may not be at
all representative of the students ih many of the individual schools involved. Further research is needed to
determine to what extent the interpretation of test interrelationships should be based on data for
homogeneous categories of schools rather than all schools combined. These findings are consistent with the
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hypothesis that the factor loadings of tests are highly affected by the specific experience patterns of the
students who are tested. Current studies arc comparing the factor structure of pretest and posttest batteries
after exposurc to the new curriculum. These studies should yield significant now insights into the
development of vocational talents and should be a valuable source of leads in improving the materials .that
have bten dovrloped.

Table 1. Corelatiot between the Vocational Talent Tem Swte,,
and Rending Comprehension Scraes for Five School S.'tesia (1191)

and Seleted Project Talent SRaple4 (1960)

Piy4. A- I.e Wr,. Mites~fa

Talent tMUt. An t., Wash Co. Er. to
Ident, He. Ge. Te. D.C. Vs. P a. "10h Sch"12

Abstract Reasoning R-290 .08 .16 .12 .16 .38 .58 .40
Mechanical Reasoning R-270 .03 .15 .33 .39 .46 .57 .47
Arithmetic Reasoning R-31 1 .21 .07 .14 .34 .48 .66 .40
Vis. in 2 Dimensions R-281 .38 .05 .30 .19 .29 .39 .28
Vis, in 3 Dimensions R-282 .20 .06 .12 .14 .37 .48 .40
Vocabulary Info. R-102 .46 .38 .39 .54 .70 ,77 .61
Math Info. R-106 .36 .08 .25 .34 .52 .67 .32

Physical Sci. Info. R-107 .62 .21 .40 .27 .65 .66 .49
Biological Sci. Info. R-108 .16 .25 .34 .33 .63 .63 .47
Aero. & Space Info. R-110 .32 .16 .16 .31 .62 .60 .40
Elec. & Elec. Info. R-ll1 .37 .15 .09 .13 .49 .54 .44
Mechanics Info. R-112 .33 .28 .25 .34 .47 .56 .49

From Table V-2c. pages 90-93, Project Talent Monograph: Studies o/ a Complete Age Gmrf . Age 13.
a From Table V-2b, pages 86-89, fbhi

Table 2, Factor Analyais of Voeational Talent Pretesta for
,rhool Systel A, Ailahts, Georgia

. .... . IN-= 60)---- -- --

Pocto,,

1 2 3 4 5 6 7 8 k sD

Abstract Reasoning .04 .04 .04 -.00 .96 -.02 -.04 .00 3.78 2.22
Mechanical Reasoning .07 -.02 .97 00 .05 .11 -.02 -.04 4.93 2.36
Arithmetic Reasoning .26 -.50 .21 .54 -. 19 .17 -.26 .08 2.47 1.84
Vis. in 2 Dimensions .87 .19 .13 -.02 -.02 .00 .02 -.06 6.68 4.93
Vis. in 3 Dimensions .31 .83 -.00 .13 .01 .06 -.21 -.03 5.07 2.07
Reading Comprehension .61 .04 -.11 .18 .12 .46 .22 .23 9.23 4.24
Vocabulary Info. .24 -.14 -. 12 .61 .30 .42 .15 .065 4.02 2.66
Math Info. .17 -.15 .03 -.18 -. 10 .77 -.08 .27 2.92 1.89
Physical Sci. Info. .30 -.13 .06 .44 .09 .60 .17 .14 2.55 1.74
Biological Sci. Info. -.10 .22 -.00 .82 -.03 .01 .10 .19 1.85 1.44
Aero.& Space lnfo. .11 -.12 -.04 .11 -.04 ,13 .90 .14 1.67 1.20
Elec. & Elec. Info. .03 -.04 -.08 .20 -.01 .22 ,18 .89 2.38 1.45
Mechanics Info. -. 15 .25 .12 .31 .01 .78 .13 -.00 3.08 1.84
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Table 3. Factor Analyisi of Vocational Talent Pretv x fr
School System Di. San Amtoet, Texam

(N - I36W

1 2 3 4 5 A 7 # M SD

Abstrtic Rca.oninx .17 .27 -.02 .06 -.05 -.00 -.07 .97 5.88 2.61
Mechanical Reasoning .09 .73 .11 .07 .18 -.08 .11 ..26 6.33 2,74
Arithmetic Reasoning .01 .02 .92 .04 -.05 .06 -.07 .01 3.58 1.74
Vis. in 2 Dima:xions -.0O -. 1 .09 .13 .00 -.02 .01 -.10 7,90 4.90

Vis. in 3 Dimensions -.02 .83 -.08 .13 -.13 .06 .06 -.03 6,11 2.63
Reading Comprehension .78 .01 .24 .00 -.00 -.12 .23 -.08 14.24 4.83

Vocabulary Info. .66 -.00 -.10 .02 -.12 .22 .19 -.29 5.48 2.49

Math Info. .08 -.00 .06 .02 -.02 .96 .07 -.02 4.16 1.76
Physical Sci. Info. .53 .10 -.32 .44 -.12 .24 ..06 .22 4.85 2.18
Biological Sci. Info. .54 .43 -.27 .03 -. 20 .12 -.06 .00 3.15 1.65

Aero. & Space Info .03 -.18 -.16 .12 -.62 .07 .50 -.27 2.'9 1.45

Elec. &e Elec. Info. .16 .12 .11 .03 -.90 .01 -.07 .03 3.65 1,87

Mechanics Info. .29 .17 -.08 .02 -.01 .08 .84 .10 5.47 2.03

Table 4. Factor Anal)ysimi of Vocational Talent Pretests for
School System C, Wanhlngtoo. D.C.

(N . 159)

[ Pacto.

1 _ 2 - -4 - - - 8 M so

Abstract Reasoning .10 .61 -. 10 -.15 .18 .19 -.59 -.05 5.74 2.59
Mechanical Reasoning -.06 .17 .14 .14 -. 19 .05 -.84 .10 5.96 2.86
Arithmetic Reasoning .07 -.00 -.01 .12 -.04 .97 -.06 .04 3.1. I..I
Vis, in 2 Dimensions .01 .14 .08 .90 -.00 .12 ..09 -.04 8.13 5.82
Vis. in 3 Dimensions -.05 .85 .01 .23 -.22 -.07 -. 1 .04 5.51 2.63
Reading Comprehension .54 -.16 -.06 .46 -.08 -.03 -.49 .12 14.34 6.28
Vocabulary Info. .66 .12 .01 .20 -.02 .08 .12 .51 5.84 2.89
Math Info. .27 .12 .06 .02 -.90 .04 -. 12 -.03 4.01 2.03
Physical Sci. Info. .72 .04 .10 -.06 -. 30 .04 -.15 .17 4.44 2.41

Biological Sci. Info. .83 -.04 .23 -.01 -.07 .07 .08 .00 3.45 2.01
Aero. & Space Info. .33 .13 .82 -.00 -.05 .01 -.02 .01 2.37 1.58
Elec. & F.lec. Info, -.00 -.13 .86 .08 -.05 .02 -.05 .23 4.22 2.97

Mechanics Info. .21 -.12 .26 -.07 .02 .02 -.15 .88 5.44 2.42
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Tablt 5. Factor Analysis of Vocaional Talent Protests for
SChOW| System D. Wisa Coamty. virgosil

(N Il2J

1 2 3 4 $ 6 7 1 M so

A.etact Reasning -.14 .81 -15 .21 .02 .03 .11 -.20 6.78 2.64
Mechanical Reasoning .43 .52 .11 -. 22 .30 .32 -.05 -.25 8.77 3.34
Arithmetic Reasoning .09 .10 .92 -.03 .19 .05 .02 -.12 5.27 1.94 -

Via. In 2 Dimenains cq .16i .05 -.02 .06f .96 .09 -. 02 9.88 5.06

Via. in 3 Dimensions .29 .79 -.03 .08 .05 .16 .16 .00 6.28 2.68
Reading Comprehension .07 .06 .19 -. 19 .86 .10 .18 -.09 18.65 6.92
Vocabulary Info. .25 .13 .31 -.06 .48 .00 .59 -.06 8.49 3.02
Math Info. .08 .09 .03 -.91 .19 .00 .12 -.09 5.92 2.25
Physical Sci. Info. .30 .19 .24 -.37 -.16 .06 .65 -. 14 7.30 2.78
Biological Sci. Info. .11 .10 -.20 .01 .28 .15 .78 -.22 5.26 2.18
Aero. & Space Into. .21 .20 .17 -. 14 .11 .03 .24 -.86 3.60 1.81
Elec. & Elec. Infn. .81 .18 .11 .05 -.04 .19 .11 -.24 5.62 2.48
Mechanics Info. .73 -.02 .06 -.26 .23 -.04 .36 .01 9.24 3.15

Table 6. Factor Analysis of Vocutional Talent Preteuta for
School System E. Erie, Pennsylvania

(N = 169)

Pocios-.

1 2 3 4 s 6 7 8 #A so

Abstract Reasoning .17 .17 .08 -.91 .10 -.li .12 .04 8.08 2.64
Mechanical Reasoning .27 .20 .15 -.38 .16 -.21 .66 .25 9.14 3.80
Arithmetic Reasoning .21 .06 .95 -.08 .02 -.10 .09 .08 5.02 2.41
Vis. in 2 Dimensions .14 .95 .08 -. 17 .14 -.08 .11 .08 11.97 5.27
Vis. in 3 Dimensions .22 .14 .05 -. 12 .94 -.06 .o .13 7.03 2.67
Reading Comprehension .72 ,IQ .34 -.23 .14 -.24 -.06 .13 18.26 8.59
Vocabulary Info. .80 .09 .10 -.16 .06 - 1 ,12 .29 9.82 3.84
Math Info. .30 .06 .13 -.15 .06 -.90 ,i0 .12 4.59 2.49
Physical Sci. Info. .80 .06 .09 -.16 .13 -.10 ,11 .24 7.01 3.53
Biological Sci. Info. .61 .01 .10 -. 28 .14 -.24 -.35 .40 5.00 2.28
Aero. & Space Ingo, .74 .12 .10 .10 .18 .. 2s .26 .20 3.69 2.15
Elec. & Elec. Info. .50 .14 .09 -.01 .12 -.02 .32 .67 7,57 3.65
Mechanics Info. .33 .05 .03 .. 06 .08 -.13 .02 .87 8.84 3.02
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I ~ ~Memreusat d1 Liagiua Facilty

A second major mew approach to assesingl the potentials of individuals fronm minoritY ofI disadvantaged groups has been the Dailey Language Faclity Test.

Much recent reserch has indicated that education in basic communication skils is essential forI ~emrgence from.paeserty (3). Studmnu who learn well in schools have been found to be much mnote apt to
enter profesion or occupation wli a future. Those who do diot respond to schooling and who drop ott
have preat difficulty in occupatkioal adjustrnent, It has been found that the key to school tuccess is
adequate use of langualle, #Ad deiencles in ilus art traceabl to preschool years and are closely related to
immnediate famigy environiment. Suds studios us Projct Talent (1) have indicated that basic learning at the
high school level Ii rgely a function of the basic commnunication skills or the tudlents as they enter the
ninth grade and not a result of the type of schooling received in high school. Accordingly, moure and more
attention has been focused recently on preschool programs as a method or malting up for lack oftnuaigfml nlomn hsi o en ruh oapa yPoetHa S a

I fundamental objective of preschool programs should bie to fwter the language development of the child. If
he is able to acquire basic oral comnmunicattion skills by age six, he should then be able to follow throughi in
the primiary grades and acquire adeiquatt skil in reading and written use of language.I In order to evaluate preschool progranm, a test or the ability to use oral language is needed, Such a
test must be individually administered, should take no more than ten minutes, anid should be one which the
avenge teacher can administer and score. It should provide a measure or language facility which is
independent of vocabulary, informationi, pronunciation, and grammar. The Dailey Language Facility Test,
which was designed to these specifications, was originally developed for use in evaluating preschool
methods and program It has been wsed as pant of the evaluation or the Langug Atli Program or the
elementary schools in the District of Columbia. It is being used to evaluate Head Start and other preschool
prorms, and has been or is being used in a number of evaluation studies in Washington. D.C. anid in a
number of other school system in grades one to nine. It has also been administered to several groups in the
:ob Corps and similar training program, to samples in adult basic education programs, and to samples in
schools or proprms for the deaf. physically handicapped, mentally retarded, delinquent, emotionally
disturbed, and miusically talented, and in tutorial programs,

- - In effect, this test gives a measure of how well a person can use the language or rlialect to which lit
* has been exposed in either his homw environment or school. The test obtains a standirdired sample of

speech in ten minutes or less by means of having the subjects tell stories about or describe a series of
* ~pictures. Responses to each picture are assigned score on a 9-point scale according to detailed scoring

criteria and examples at each level.

The test can be administered and scored by personnel with a minimum of training. Two different
scoring systems have been developed. The first gives a 9-point scale meaure of how well lte individual is
able to conceptualize and communicate in his chosen language. This score is independent of standard
English vocabulary, enunciation, information, or grammatical exactness. The second scoring system codes
the errors or deviations; from standard English pronunciation of usage and gives a diiignostic profile ot
ability to speak standard EngIlih The nine steps of the basic swale represent nuine levels of mat urit y throughI whch each individual will progress as he grows from infancy to full language maturity.

The average three-year-old child will be able to respond to these pictures only in single wordi. Bly age
five he will be able to respond in single sentences By age nine he will be able to) give a partial description of

* both objects and action. At about age eleven he will be giving complete descriptions, Bly age fifteeni lie
should be adding interpretations or deduction% about the pictures and organiting themi into stori's. They
may often involve well-known fictional or historical characters ort be tied into current events os recent



hfIt'wit amwrippng&p Large differenCes Will be found in the levels of masturitY mons students of the sein
age, The more mature furifyear-olds wI be functioning at the slx-year-od level, while Sam sLx-year-olds,
will be at the four-year-old levl. An occasional fousyear-old (even fronm an extremely diadvan~gd
environinent) will be found to be functioning at age eleven level or highier.

it is possible for a young child to have a wery high ratio between his language facility age equivalent
anid his chranaltV age simc he Us not haridlppaid by liack of exiperience in compoting with musch older
tudents #5 he is on the uiual intelligence test. Came have bevi. found where throe-year-old children have the
basic language facility level or a twelve-yea-old or older. Throughout most of the range of the test, students
teoring at the 90t percentile have a language facility age equivalent that is about SO per cent #motor than
their chronological aW. Mentally retarded subjects aged ten or older will usually be performing below the
ag six level, This scale is designed to be a masure or how well am Idvidual uses language the way he has
been hearing it. It is intereiting that Individualt in extremely disadvantage situations have been found to
differ a Veat deal in the leve at which they can use the language to which they have been exposed.

In studies at the high scltool lervel by Project Talent and others, it has been found that a vity
funoanmential factor or ability involved in success, in school work, assming that motivation is constant, is
the ability to rcquire, retain, and manipulate symbolic Information. This is usually best measured In the
later grades by tests of reading comprehension or vocabulay or tests of arithmnetic reasoning with verbally
presented problems at about the seventh-grade level. The basic theory and rationale for the Day Languag
Facility Test is to extend the range of this type of meaure downward to assess at early ages the'
characteristics of the child who has the capacity to develop into one with a higher virbial IQ than another.
It is hypothesized that the primary characteristic which will differentiate between two such children will be
the basic level of language development.

Adequately stable mieasuri. of this language facility cam be obtained from most children by age thre
and In many as early ass Wg two. Mere precaclty in very early speech, however, should not be given undue
weight in interpretation. Those raue case of delayed speech that later develop well will not be validy
measured until the full onset of speech occurs.

Such tests as the Wechalr and the Binet hav been found to have poor ability at early ages to predict
verbal IQ at maturity (4). The correlations between 10 at age four and age twelv haw been unsatisfactory.
This has led to considerable confusion on the part of both psychologists and parnts. Tht root of t
-difficulty haa been-Ilhat such IQ tests are a combination of. arsgg number of selparatte tests, 3,m* of wbhih----
are comunications and lanuage oriented, and som of which ame perceptual-motor in nature. Much
research at the high school or young adult lavel indicates that language fascility aptitude Is substantially
Independent of many other perceptual and otlor factors This shows up in differentil aptitude test
batteries. It also shows up in factor analyses of the various subtests of 10 tests If they are like the EMit or
Wechsler. Because of the age plascement of the various tests, the Dinet or Wechsler type tests are heavily
nonverbal at the youngest ag levels and heavily verbal at the more advanced age levels. This means that the
test is really neasiurint; different things in adolescence than it lsat the preschoed level. The Dailey Languag
Facility Test is designed to mesure language facility at all age through from about three to maturity. It is
theorized tha the youngster who is going to have extreme difficulty in basic communication skiUs and be
severely eduscationally retarded in grade six is likly to have had Inadequate languag development at an
earlier preschool age. In a sense, the Language Facility Test may be regarded as a teat of the ability to learn
to read at a later age. A picture represents symbolic infornation in the same way as do numbers and words.

Language is an incredibly complex coding system This is equally true of oral speech or written text.
Facility in oral spech is ssumed to require muc.h the sonme aptitudes as facility in the use of written
language. It is assum-ed that increasing maturity in oral language facility represents an increasing ability to
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encode. decode. anod cummointe symbolic information of an Increasing complexity, This %ase ability is
Cntral to the problem of leamling to comprehend writ ten text.

U-. test is suitabl for mirulwitrition by anyone exi. etinced in dealingl with children of" students anid

eliciting rapport in an interview. No prior training IS requited, and the lest can be given and scored after
=trful s udy of the mAnua . The test is untirned, and the student should be &iven as mtuh tithe as necessary
to coilect his thoughts and tell the story, 1t Is rate that the tuee pictures will take me thin ten minutes
totl (or a liven student. It was dtes4rd to have pictures that could be meailngful to students from a greaf
veiety of background.. Many pictures wait ted out efor' deciding on the twelve plates that are used.
On series is of actual photographs of preschool students and teachers in a school fut children of migrant
form workers. Another seies W drawi especially for the test, and then platev wetre purposely made stak
and free of backzuurd de(al, To Sive greater variety, the third series cwie of scenets by old Spanish
masters and contains a maximnum amount of shading and detail. The plates are cycled to give three alternate
forms (Plates 1, 11, and Ill; IV, V, and VI; VII, VIII, and IX) and three extra plates (X, Xl, and XII) for use
as alternates. Statistical analyses have demonstrated that ite different pictures give highly lmlar results
and measure the sante thing. Their factorial content, means, and standard devitlons ate very similar, As a
resilt, all can be scored by the samne generai criteria,

The dii ,ctlons for admnlimttiot . are as follows:

i. "What is your name?"
2. "How old are you?"
3, "Do you like to hear storles?"
4. "Could you tel me a story about a picture if I show it to you?"
S. "Good. Tel me a story about this picture."
6, "Tell me what you wet In the picture,"
7. "What are they doing in the picture?"
8. "What else can you tell me about the picture?"

8.oebs Method I - Levell of Laup Maturity

- The response to each picture should Ie scored as follows.

9 ... A wel]organlzed story with imagination and creativity, Need nut be origiml. May use
well-known fictional or hiitodlW charate4.L

8.....A complete story that is not well organized.

7.....A story with an interpretation of sne elementv of action or inentiorns, as deduced from ur
suggested by the picture.

6.....A detailed description of what is happeni~ig, but nothing about past or future action or
InientOinL At level 6 al or nearly all of the elements if the picture will be covered. in contrast to level 5
where only selected elements will be covered,

5 .. ,A partial description consisting of two or more sentence% with nite description of movement or
action as seen in the picture.

4.Two or more sentences describing persons or objects but no verb of action ,r indiation of
interaction between a person and an object.



3..... A complete sentence that makes sense,

2..... Compound responses, two or more wurds at a time, a single word describing action, or mute than
Oric sn1gle.nnun responh,

0 ...No response, garbled speeq h or only pointi4 at picture.

If the chMd does not respond at al to a pcture o says he ean't se it, he should be liven one of the
alternate pictures (Plates X, XI, or X1i) and wted on it intead oi the orignl pcture. if six petures fal to
dicit any response, otier evidijwe from techen or parents will need to be appraised to determine whether
the lack of response is because of excessive shynes Thi is extremely rare, especilsly among urban children.

Each picture should be scored according to the dbove scale, The total score for the test is the sum of
the scores on the three pictures used.

Levels 0, 1, and 2 if tW, subject fads to nke any response whatever, or speaks in an
incomprehens~ble manner, or simply points at the picture, the score would be 0. At level I, the subject gives
a single-noun response. Only one word Is used. To receive a 2, the subject gives a compo4und response of
two or more woldt, or employs a single word of action, or uses a phrase, However, At level 2, the subject
need not use a complete sentence.

Level .. If the subject uses any complete sentence, he should be given credit at level 3, even if it Is "I
can't tell you anythil" or "That's all." However, it must be a complete sentence. If Suxliay Verbs ae
omitted ("He rdin" of "Se sitting"), credit should not be liven for a sentence. Sentences may be grossly
ung mmatical as long as they are complete ("Dis am x hose," "He are a man," or "They is on bed."). The
ability to use a complete sentence is a moss importane milestone in growth in language maturity. Up to
ono-thd of low-lncome Negro flrst-grade children will score less than 9 for three pictures. However, by
Iade three nearly all such students will be responding; consistently to the pictures using complete
sentences. Of one group of 689 low-ncome Negro urban nine-year-old children, only five fealed to respond
consstently in complete sentences. -

Level 4 end 3. Description of movement or action Is used here in the sense that something is W4
about the movement or action son in the picture. At level 4, the subject only describes the objects in the
picture.

Level 5 and 6. Both of these levels should include a description of the objects and action In the
picture being scored, the difference being that the description at level S will be only a paWrtia one. The level
6 description should be complete or very nearly complete end cover the major elements of the picture.

Leveis 7, 8, end 9. The essentl element here Is the existence of a "story." This is defined ua
something made up about the content of the picture wherein the picture in effect becomes an Illustration
for the story. At level 7, the story should include some past or future action or intentions suggested by the
picture but not shown in it, The level 7 response will often include considerable description and may not be
a complete story. However, somethini must be "made up" about the picture. Level 9 should contain all the
major elements of Interpretation of objects and for setting out past or future action or intentions. It should
show Umagntilon and creativity, but it can include well-known fictional or historil characters and need
not be original. The story should hang together and not ramble. Everything in it should tie in to the picture
and be deduced from IL It need not be very long. Level 8 should be reserved for stories that do not qualify
for the top score because of weak orsanization.



considered when scoring the Scale level A level 9 story could be grossly uttgrmmmt"a and from a peso
o farnila with the cormet arm fo orne elements of doe pichm. The scabe mnsmfacty In this use

ofth oio.sown &anguage or dialect and not in standard EngWLh The sl values are c00spetey
independent of vocabuilasy, inforrmation, and grama. Length of response is not a factor at leve 6 anid
abmv. The s"at levels recapitulate the chronological developwent of Langu~ facility. Indepndmnl
scrn b lrsWith two hours of owaning oroelte in the vicinty of,90 for a toWa scor hued an thlaee

S ,rh" Mediod il - Mmuna Devhdos bi Ihin&er go$"

The sanpln of speech b ot wesotod to give dWs~mtc profiles of frequaracy ot common
deviations from standard English A preliminay 24 .categoey code was developea for thi purpos and wa
appiedto a goup of630 thidents fouryeanater fley hadsutd to school op tin kinergauen. Pal
of the group wert, in seven eleimntar schools in a specia Lan~ug arts development program and the
others were in eight similar schoola. All the students were from low-income Negro neighborhoods. Clerks
were trained to listen to the tape recordings and tally the deviations as they occurred. Table '7 shows the

I Table 7. ,Searing Devisoos from Standard Lugilib Scoring Msethmod 11( for the Dailey Language Facility Test

A Simple verb, wrong number she wont; they sees A
8 Auxiliury verb, wrong ntmber he have Waited. she life going 8
C Auxiliary verb omitted he running C
D Wrong post participle wort (worn), caome (come); flew, (flown) D
E s on plural not ending in s chillune (children); geese. E
F Incorrect irregular plural shelf$ F-

ILttrs hnterchage U: for d, d for 1) boddle (bottle); isry (lady)I

IL Picture mispronounced pitcherL
I I Consonants alurred ciln(children) Id
1N Unsccen-ed vowel slurred lealnly; animal N

0 Verb tense changed in sentence She is getting up and then she got dressed. 0
P Numbdr of verb agreeing with The duck and the gull iro flying. P

incorrect subject
Q they for there or their they shoes Q
R ii, 1, or ,' fot th nuttin' (nothing); nruddsh (mother) RI
S s on possessive noun omitted lady' watch S
T r, d omitved lilt&a sir'; Si'l T
U F for 5. C, for Sr. AnF bleck (black) U
V dipthongiacd vowels bayid (bed) V
V hlongated, di stoned vowelsa tshdc (tired); bade (bed) V'
X Other comments (please specify): x



The students in the Language Arts Program schools made significantly fewer errors in their speech
samples than did the control group. This was true at the level of language facility (high, medium, ad low)
as measured by the 9-point scale on the test. When the experimental and control groups were compa.ed on
the incidence of eight major categories of speech errors at each of three levels of language facility, the
experimental group did better in ) 8 out of 24 comparisons. This ia significant at the I Fer cent level.

A factor analysis was carried out relating the regular language facility scale score on the :nts and the
various error scores to such variables as ubscores on the Metropolitan Readiness Test, the Peabody Picture
Vocabulary Test, subscores on the Stanford Achievement Tt reacPer rttngs cn quality of homework,
motivation, ability to get along with other children, and effect of home situatinn, as well as grade, sex, and
age. Three varim.x rotated factos emerged from the sp1 ech sample: One was deltied by the 9point
language facility scie score, one appeared to be a cluster of errors in pronunciation, and the third appeared
to be a cluster of errors in structure or grammar. With further refinement the error code should become
quite useful in measuring different aspects of dialects and for evaluating various min"xods of dialect
tcansformation.

Longitudinal" studies are under way to relate !anguaSe facility - o, s to later school success, to ater
verbal IQ, and to later performance in verbal facility. In the meantime, the following evidences of validity
have been found:

I. The test shows a sharp gradient with chronological age and growth in ability to score well on the
test; this coincides with resul • of other studies of the verbal performance of children of different ages.

2. Inoact grade group of low-income-area children show a distribution of language facility scores that
is approximately normal and little different from those of children in general. However, grcps of students
who have not done well in academic work in school do poorly oa the test. Such groups include Job Corps
trainees, students in nonacademic tracks in grade eight, poor readers, and youths who have failed the
Armed Forces @zalification Test. Honors track students in low-income areas do well on the test.

3. Mental retardates tend to be very poor in language facility.

4. Special training programs designed to stimulate languae and intellectual development in young
children have caused important gains in language facility scores of low-incomn-rea children.

5, The test has been found to give apparently valid rcsults when given in several foreign languages
with the responses being made in the foreign lnnrage. These include Spanish, Greek, and several Asiatic
languages, as well as sign language.

Reationsl4s of School Characteristics to School Outcome

Another important issue in the education and coanseling of disadvantaged groups is determining the
relationships between what schools do anid the results they obtain with btudents of widely differing
socio-econondc backgrounds.

When dealing with such a complex set of measures and characteristics as a gr )up of .chool input and
output variables, i* is most difficult to inake interpretations of relationships )'etween any single school
characteristic and school performance. For example, children may read better in urban schools, but this
may just reflect greater size of urban schools; or larger schools may just show up better because they spend
more or serve higher incorme areas. No simple comparisons of this sort are likely to be meaningful. To
compare school performance with a school characteristi, one must consider up to 50 variables
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silultaneously if comparisons are not to be misleading. Multiple factor analysis is one way of making such
comparisons.

With Project Talent data several studies have been made of the relationships between many school
practices -nd many school outcomes. It is not possible to obtain absolute proof of cause-and.effect
relatrnshps from Project Talent data nor any other similar statistical data based on relating past measures
of behavior with each other. For ensunple, it is not possible to prove unequivocally by statistical survey
methods that higher teacher salaries cause higher school achievement. On the other hand, it is posibl to do
analyses that make it appear quite likely that these higher alies may be one of the most important factors
in obtaining higher a'ilevement. At the same time, it is possible to use equivalent methods to indicate that
it seems w'-ry unlikely that size of school as ,uch is a necesry prerequisite for high achievement bcais
there is no associational evidence it all in this direction when all factors are considered. A given factor is
extremely unlikely to be a causative factor if it shows no unique association with measures of school
performance in a comprehensive set of data where the other important factors are being hild constant.

The Project Talent data to date seem to indicate four school factors closely and uniquely associated
wiih school outcomes (such a- achievement and going to college and going to college and staying in school).
These factors are teacher salaries, teacher experience, number of books in the school library, and per-pupil
expenditure.

It should be cautioned that we cannot conclude with certainty that these factors are causing the
differences in school outomes. It may bC that they are caL-sed by sonic outside factors which are just being
mirrored or reflected by these above measurer. Nevertheless, their relationship is substantial even after as
many as 30 of the most important school and community characteristics have been held constant in
mtthernatica analyses.

On the other hand, we can be much mre confident !I concluding that many other factors are not
likely to be prime causes of school excellence since th-, do not have any sizable unique correspondence
with school outccmes. The data in Project Talent indicate that some school characteristics seem very
unlikely to be prime causes of school excellence of output. Among these seem to be school size, average
size of classes, age of building, and suburban location.

-A similar study was-made of the 129 elementary schools in the DistricfofColumbia (5). It was found
that the variable which was most closely related to school performance was the median family income for
the census tract in which the school was located. The higher the median income, the higher the
achievement; and the lower the income, the lower the achievemeit. This variable stood out above all others.
The school performance was measured by the percentage of the fourth-grade students scoring below the
national norm in the Reading Test of the Metropolitan Achievement Battery in 1963-64. The second most
important factor which contributed to high performance when all other variables were held constant was
low rate of non-promotion within schools. In addition. similar analyses were made to predict achievement
in Word Knowledge, Arithmetic, and Total LrAguage performance, all of which yielded similar patterns;
high median income emerged ,irst, followed to a rruch lezser degree by low ra .- of non-promotion within
the school.

One of tho least useful variables in this study was median years of education of the adult population
in the cenus tract. This is to be expected since many studies, particularly Project Talent, have shown that
high schools differ tremendoslly in their levels of achievement This makes grade complete a very
inaccurate measure of the a-:%uaj level of ducation. It is often said that a person has "received" only an
eighth-grad,, or a fourth-grade (or some other giade level) education. However, an education is not
"reeived" in a simple senw. A person learns in a school within a cultural setting and social environment.
Often out-of-schoool fan-ily or community factors will almost completely nullify attemptE to upgrade the
,;lucational skills and attainment of youti; in schools in low-income areas.

f
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It is of considerable interest that in this study ethnic data about the composition of the student body
or the "rho~ol staff were not needed to predict school achievement with a high degree of accuracy. The use
Of the inedian family income level by Itself predicts performance about as well as any combination of all

the available 3ocio-economic and educational wxriables Such factors as gross expenditwe rate per pupil in
each .pecific school and deg~ree of wercrowdin# in each specific %choow bore lile relationship to school
achievement in schools with the same levels of parental income, This was also true of the age: of the school
buiding. The school factors most cloely related to achievement wets the paeence or absence ofa librarian
and participatio non-participation in the Lnuage Aas Program. The general pattern of findings was
extremely similar to the patterns In the studies of the national smples of high schools in Project Talnt.

The Ameri!can school system it ptoby the next mos important soAaIng agent after the fa y.
since it transmits the mores, habits, and aspirations of society as a whole. Whenever the families work in
harmony with the schools and the majority components of our society, the schools readily achieve their
goals; but whenever they do not, the schools have great difficulty in meeting their goals. Many large city
school systems are in trouble today and have difficulty in carrying out effective school programs. This is
reflected by inadequate skill development in their students and by high rates of juvenile crime, It appears
clear, however, that no single person, group, or policy in individual school systems can be blamed for this.
since studies such as Project Talent show the same situation in all large metropolitan schocl systemL They
experience great difficulty with the motivtion and development -)f cildren fr mi families that do not share
in the morc, itabits, and aspirations of the predominant groups in American society. They L.- find it
increasingly difficult to finance adequate school programs because city limits tend to be relatively fixed,
and more and more of the wealth and leadership of metropolitan areas are located outside the contral city.
The problem in the schools is not a matter of race or ethnic groups. Whenever the schools are serving
children from intact families whose heads are regularly working at semis~kied, skilled, or white-collar jobs,
they achieve their goals easily, regardless of the race, creed, or color of their parents.

Many studies havt been made of the relationsips between family characteristics and school
performance, and it has been uniformly indicated that family characteristics are the primary factors
determining the success of a given school. The success of a school is largely proportional to the types of
families it serves, almost regardless of such factors as school size, age of the school building, amount spent
per pupil, overcrowding, or class size.

The troubles and problems of the Washington, D.C. schools are the same as those of other large

rmtropolitan school systems, and these problems spring from the same causes. The school performance and
delinquent behavior of children in the Washington schools are a direct reflection of the extent to which
families are operating to assimilate their children into modern organized society. In those areas where
families are performing this function, including some predominantly Negro neighborhoods, performance in
school is good, and juvenile crime is minimal. After differences in the types of families involved have been
equated, Washington school performance and juvenile crime rates compare favorably with those in similar
large cities.

The results of thew- studies suggest that a massive improvement in the school performance of the
present low-achievement students is not likely to result from any combination of increases in what schools
have been doing in the past. We cannot solve our school problems merely by higher salaries, more teacher
experience, more books, lafger schools, smaller classes, new buildings, or moveg slum schools to suburban
locations. New and novel methods and approaches will be required, includ.g laige-scale team approaches to

reach the hn-..; environment and parents as well as the schools and children. Ways must be found to
upgrade the quality of the low-income home environment, and work is now under way on the development
of materials and procedures suitable for use by low-income mothers Lo stimulate the language development
of their children.
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I These studies that hay@ been repocted site not meant to be representative of anl the research in the
area but do reprsewl ar.oaches by the author to the basic problem of fosteri* the intellectual
av~eloIpment of ~Idintige4 and 1o%'.incone groups. It is hoped that such research can make a
coujtribution towitrd the Great Society, whose goals are for every individual to have an opportunity to

I develop his potential and tol A df in At2 riWiards
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II
I THE SELECTION OF PEACE CORPS VOLUNTEERS

A Abraham Corp

The Pea"e Corp&s election prucess has been in existence for
about five and a half years. Several books and about fifty articles
have been published concemning the selection process, and about
thirty smiall-scale unpublished studies have been accomplished by the

Peace Corps staff. Significant breakthroughs or the discovety of the
magic wand have not been the lot of the Peace Corps priychologiss

Mort of the well-known siructured, objective personality tests
and many of the unstructured projective tests have been 1
administered to adequate samples of Volunteers. An omnibus
biographical inverntory has been administered, itcm-anat'yzed,I' clustered, factored, and all bt discarded. Discussions about the
unreliability of the ciftrion, reitrictiots of range, and corrections for
alftenuation have raged throughout our offices. A. always,
disappointing corrtlations in the teens can be boosted into theI respectability of the sixties.

Objective tests of ability. however, hiave proved to havic some relevance 1o uvSCse perforFmance. Both
£ the General Aptitude Test (a short oniibus type intelligence test) and the Modcrn Lantiuage Aptitude Test
t have correlations in the low thirlies with overseas perfonrice, particularly in Countries where language

Iltlency]Ls citical to performance._This i;; especially impressiva since language aptitude scores are utilized it%
initial assignment resulting in marked restriction 01 range.

Similarly. peer ratings and selection board evaluations have correlated in the mid to high tirities with
both the dichotomous criterion of early attrition and a five-point rating of overseati performiance.
Unfortunately, multiple cofreations includinrg all available variables are not significantly larger tha~n lte
zero-order correlations.

slcHaving given, you the results, let mi backtrack artd give you a pirurc othe Peace Corp, and its

Thc purpose of the Peace Corps as stated in the Peace Corp-, Act is:

.to pwmrote world peace and fnend)mlp through a Pear~ Carp%. %% ii %hjiI nijkc .jt.alablei to

interested counties~ and aeea men arid women of the United State% quJilirIId lor wni,V sbrojd .jnd
witant to iev. under condition% or hardkhip if ne~v..'ar), to help the twcopIe. of mioti mi~ntrie' itid

areas in matting theu needs for trained manpowr,. and to help PrOOIn'1 J bclIief un~hAutndiInr oft lte

American people on the part of the peoples served and ;A Witer underojinding ofotr11o1q u% &in iliI part of the American people"



In order to understand the problems of slection of Peace Corps Volunteers, it is helpful to rest-lte a

eries of early bail policy decisiows rvp dingl the overal Peace Corps program.

I, It was docIded that the Peace Corps would 1o only where invited.

2. Volunteers overseas could work for the host govemment or for a private aency or organllaition
within the foreign country. serving under hos contry spervisos, and working with host country
co.woqkers whtrver possible.

3, Volunteers would not be "adviiwtr" but "doers."

4. Voluietee would serv for two year, without slary or draft exemption.

5. Volunteers would be provided a living allowance enabling them to live in a modest manner
comparable to the circumstances of their co-workers,

6. Volunteers would enjoy no diplomatic privileges or imnunities, have no PX or comnisary rights,
receive no "hardship" or "cost-4 f-living" allowances and have no vehicles unless needed for their job.

7, Volunteers would learn to speak the language of the host country, learn to appreciate its customs,
be able to discuss adequately and intelligently the United States when questioned, refrain from political or
religous proselytizing, and set as the standard of their success how well the requested job was fulfilled.

9. A tennifatlon allowance of $75 for each month of satisfactoiy service was established to help the
Volunteer get started apin in this country.

9. The Peace Corps would be open to all qualified, single Americans above 18 years of age and for
married couples with no dependents under 18, where each had a needed skill.

10. A college degree would not be a requirement for service. A special effort would be made to
attract farmers and craftsmen who posses skills and experience but no degreez,

II. The highest medical, psychological, and character standards would be established; and final
selection would be nadeat the conclusion of training.

12. The hardships of Peace Corps life would be featured in recruitment so no candidate would
misjudg the terms and conditions under which he volunteered to serve.

13, Candidates. trainees, and Volunteers would be told they could resign from the Peace Corps at any
time. The Peace Corps wants only those who serve freely, a decision now made each day by each Volunteer.

14. Each Peace Corps program is treated as a separate entity. Only after a firm agreement has been
reached between the officials of the United States and host country which specifies the number of
Volunteers and the kinds of skills needed in a program, then and only then does the Peace Corps begin to
select trainees for that program and to plan a training experience especially designed for the particular
country-program. As contrasted with military services, a person does not "enlist" in the Peace Corps;
instead he offers to serve; he does not become a part of the organization until he has been offered and has
accepted in invitation to train for a specific program. There is nothing in the Peace Corps corresponding to
the basic training program of most military services, Although all training programs include certain common
elements, each training program is literally tailored to the host country's Volunteer requests.
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The Peace Corps hasj Volunteers In 50 different countries, While almost any sngle activity will he
performned someplace in wome country, gervetally Peace Corp Volunteers serve in teaching, aticultoral
development, public health, cooperatives, small indusitties, and commitunity dcvelopment. Except tot most
of the teaching programis, teawnrable fluency iii the host cutsntty language is 2 PrcrEqUIs~s for effctive

In order to Vly for thc Peace Corps, an applicant must ll out a quettloninaire crlfnj hir aakmiu
and work history, marital ond military background, extra-cutricular and community activitics, as well Q., a
nuedical history. He also indicates his date of availability, hit se.i. s*iunity, a'id job teferrnces. arid isites

the Peact Corps Placement Tests,

Prom tht qulliwsar, TO to 20 rfevtiicts are et'satted by m-kol and abotzt 85 pct cntar
t returned. The reference is asked to rate iei applicant on a five point scale on job competence. emotional

mnaturity, relationsips; with other people, and u~vervil compelerice. About four weeks artcr the referensces

have been mailed the folder containing the questionnaire, triacripti, and references are traniferted to the

It is in t branch that the skidl, traininh. and other qualifications of applicants atec iomparcd to the
requirements of progwans to be mnazuied by Peace Conpn Volunteers. Those applicants possessing the
necessary qualifications are invited to enter trairnS for specific Peace Coops projects. The decision to invite
an applicant for training is based tupon a careful analysis of the applicant and his potenttial aislinic.o. The
alan is to assign each appligant to the job which will best utilize his or her wlents and rmximl the
Overall effectiveness Of the Peace Corps.

In perfortring this function. the staff of the Classification Brancha combines a behlavloral science
background with spnclalized knowledge of Peace Corpo progras throughout the world, The Classification
Officers work closely with other members of the Peace Corps staff who are responsible for the development
of specific programs and, In addition, periodically visit Peace Corps programs overseas to acquire first-hand
knowledge of the work being performned.

In the accomsplishment of its mission, the Clasification Branch performs four main functions. These
aM as follows:

1. Identify the kinds of Volunteers needed in each program.

2Insure: the optimulm distribution of applicant talent to all Peace Corps priugrams.

3. Compare applicant talents with programn requirements.

4. Invite applicants to participate in training for Peace Carrps progorms

Identifyi, the ffinds of Volunteers Needed The Classification Officer responsible for manning
program in a particular region a&Wits the Program Development Office in determining the kinds of
Volunteers needed for each program This Is based upon information about the country, the environment
surrounding the Aot and the kind of work to be accomplished It is the responsibility of the Classificationi
Officers that these requiremerts be realistic in terms of the work that It to be perforived .and with the
descriptive information available on applicants. That is, the job requiremoents are triitilattd into appropriate
educational level, language aptitude, work exiperience, etc. For example, if West Pakistan wantls Peace Curps
Volunteers who can advise on bridge building, it Is probable that they need Volunteers with a %trong
background in civil engineering. If it is furthet indicated that they must speak the local language fluent i>,



then itpritude for learning a foreign language becomnes an important attribute for success on the Job and It T
must be possessed by potenitial Volunteers. However, in many cases, the work tt' be performed can he
successfully accomplished by Volunteers with less specilhied backgrounds. In such instances,
non~spclalied Ilibral arts itsduatcs or equivalents may be cone~lred for assignment, and it is secondary
skills pained from sumnwr work, homemaikinil skills, sports, or farm experiences which ate the determiners
of prob~bNe lut A; on the job.

)Insuingi oppiiw Distribuivn of V~oht latent While all the applicants who pats the ssesment
phase of the pms.creen4n are qusllflod to be Peace Corps Volunteers if their "kll can be stai
appropriately, they vary in the quait~y of skills and trairing they possess. As might be expected, requests
for P'eace Corps Volunters exceed the supply of highly qualified applicants. Because of th*s one funt-tion
of the Classfications We"1 Is it iibute the applicants equitably amnong the many Peace Corps pfograms
so that they may be considered at potential trainees. To do this, the Matrix and Stttics section maintains
a continual control cver the allotment of applicants for consideration by the several Classification Omeers.
As invitatiotts ate issued and accepted, there ate changes in the status and needs of each program, Feedback
on thesw changes art insured by internal controls and adjustnients. in the distribution of applicants are made
accordingly.

Comparing A.ppikants to hognm Rqubevmewts The qualifications of each applicant are considered
to determine If he can be invited to train for a specific prograrm. While it my seen an almost imnposible
task to detei~ne where best, If at all, to assign an applicant among approximately lIt training programs
about to start, thefe are certain factors which reduce the choice to more manageable proportions,
Mandatory requirements, such as programs needing only male Volunteers or those with college degrees or
with previous teaching experience, are among thoae factors, In addition, the are preference of the
applicant, as well as when he will be available for trainting, aft further considrations which narrow the
choice of progiams for which an applicant can be considred. Whenever possible, the desire of the
applicant ane considered, but of' course, the qualifications needled for asgnmet ame of prime Importance.

After determining the program for which an applicanit is to be considered, the Classification Officer
evaluates the individual in terms of the job demands, the kinds of applucants already asigne and future
applicants who rnay be considred for thie progrm. If, after considerig aill these factors, it is decided thatVthe goals of the Peace Corps can be achievedl through the applicant in a partkularaslgnment, an invitation
toentez training wil be issued.--

Inviting Applk-aiats to E~nter fl'ebsiq It is only after consideration of the above points that an
applicant is invited to train for a specific program. Unlike a military service which issue "orders to report,"
the Peace Corps, being a completely voluntary organization, only Implies applicants to report to training for
a specific program This is probably a very useful aspect of the tota selection process. Each invitation to
train for a prograp" is accompanied by a Program Brochure describingi the country, the culture, the duties of
Volunteers, how they will live, with whom and for whom tey wil work, etc. 7he applicant is asked
whether or not he wishes to train for the particu assignment and is advised that he has the privilegea of
decliing the Invitation without prejudicing his being consdered for another Peace Corps program

Self-selection, the decision to accept or decline the invitatio to train for a specific program, is an
Imnportant phase of Peace Corps selection, but it also adds to the complexity of the task Acceptance rates
havc varied from a high of 90 per cent to less tha 30 per cent for different programs. Sice it is impossible
to predict in advance what the acceptanice rate for a given program will be, It is always necessary to inviteA
considerably more applicants thani needed.

An applicant invited to train for a program Is reminded that there ame still four hurdles between him

and oveess service as a Peace Corps Volunteer:
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1. He must meet thn r'rlher rigorous phscal standards established for service,

2. He will be subjected to a full background check of chatacter, reputation, and loyalty.

.3. fie must maintain an adequate performance during training.

4. lie must be judaed in training as being the sari of Individual who will be able to serve effectively in
an overseas assirgnmen whllk at the sante time serving as a good representative of the United States.

The rutther awsssment of applicants who accept invitntions to training is the responsibility or the
Field Selection Brainch, assisted by other staff members of the Peace Corps..-

A Field Selection Office~r responsible to Peace Corps, Washington, is assiltned to each trairing progrm
* and has the responsibility for coordinating the assmmrent and evaluation of individual trainees. The

doctoral degree in clinical, counkling, industrial, personnel, or social psychology IS a Minimsl base for
* appointment as a Field Selection Officer, and it. addition, they are ciarefully selected for their maturity,

judgmnt, and professional extperience In the behavioral scienecs.

During the trainng program, each trainee's suitibility for Valunteer service is assessed in a variety of
ways, primarily by staff members of the training institution. Responsibility for the collection and
developirunt of the assessment data at the training site Is Lisgned to a professional staff member, usually a
psychologist, designated as the Field Assesitment Officer. Ems 2 In traliing he adminaitcrs the Minnesota
Multiphasic personality Inventory, a screening device to identify trainees for whom a more extensive
psychiatric evaluation may be needed. Other psychological tests inay be administered where they are felt to
be useful in further asaessment. Approximnately half way through the training program (six weeks) and at
the end of training, he obtains peer ratings from the trainees, However, all psychological tests ate voluntary,
and a trainee may reject any test or test item where he feels that his right to privacy is being invaded. The
Field Assesment Officer is also responsible for securing; systematic evaluations from all members of the
instructional staff - not only grades in courses but also judgments relgarding each trainee- s suitability for

t Volunteer service. FinailyJse is zespouble for-preparing a systematic Training Resume-for reach trainee
including gecorrnidation for the conditions of overseas placement. The Training Resume is forwarded to

* the Peace Corps Country Representative overses.

All applicants who accept an Invitation to training are also required to t~omplete certain furz'ss used to
initiate a full field investigation. This is carried out by the Field Investigation Branch of the U. S. Civil
Service Commission. Its investigtors visit each community where the applicant has lived and make inquiries
-about him from his neighbors, supervisors, and associates. They also check his credit and police records, At
the end of about two months, the Civil Service Commission provides the Field Selection branch with a
detailed but unevaluated report on the applicant. In most cases, this report merely confirms the generally
favorable picture of the applicant as reveatled in his pre-training assesmient and, thus, leads to greater
confidence In the candidate. In a few eases this report reveals derogatory information regarding the
applicant, sonsetimes so serious as to require immediate selection-out, at other tines to require a careful
scrutiny of the applicant during training before a final decision is reached about his suitability for an

overseas assignment.
For each Peace Corp program, there Is an Intermediate Advisory Selectio,, Board and later a Final

Advisory Selection Board; the membership of these Boards is as follows:



Peace Corps: Field Selection Officer, Program Development Officer. ' Corps 'tepresenlative, and
the Training Officer, if appropriate.

Training Institution: Program Director, Field Assessment Officer, M, Consultant, and Psychiatric
Consultant.

The'c perions constitute the Board of which the Peace Corps Field Selection Oificer serves as Chairman.
Additional persons who are in a position to contribute useful information reg.irding trainees may be invited
by the Chairman to participate in all or part of the meeting of the Board.

The Final Advisory Selection Bcdrd is charged with the heavy responsibility of avising the P.--
Corps as to which trainees are judged to be fully qualified for overseas service and which are not.

The Peace Corps Director has delegated basic responsibility for the selection of Volunteers to the
Director of the Division of Selection. The Director of Selection cannot participate direc, in the evaluation
of ezch t.ainec, so he relies on his staff of trained Field Selection Officers, each responsible for assigned
programs. Each follows a set of designated procedures designed to lead to the best recommendation in each
case. However, since the Director of Selection must accept the responsibility for each decision, the action
of the Board is advisory to him. N:turally, he hopes that he can regularly accept the recommendation of
the Board. But, if for any reason (e.g., sharp disagreement among members of the Board or failure to weigh
adequately all evidence) he believes he should :I:e :: -..'. rt.r than that rc-omme.:ded by the Board, he
has the right and the obliption to do so.

The ultimate responsibility for the selection of Volunteers rests with the Director of the Peace Corps.
This is no abstraction. For example, should there be serious disagreement or serious doubt among the
members of the Final Advisory Board, the final decision on selection is made by the Director of the Peace
Corps.

implittions

The question remains, is this selection program effective? A review of the Peace Corps history
ndicates that the Volunteers have performed amazingly well overseas. Only 7 per cent are terminated early
.or failure to adequately adjust to their assignment, while a fractioriof I per cent are returned for more
ierious psychiatric reasons. Eighty.five per cent successfully complete their full tour of duty.

In view of this high success rate, the research questions referred to earlier raise questions, at least for
the Peace Corps, with respect to the typical regression model used in most selection research. The empirical
validatio.i of tests or items makes at least two assumptions:

1. Future samples to be selected come from the same population as the validation sample.

2. The criterion for performance is highly stable over time.

Both cf these assumptions, particularly the latter, are highly questionable for the Peace Corps. The
educational, motivational, age, and sex characteristics of Peace Corps applicants are highly variable
depending on, among other things, the season of the year, state of the economy, draft quotas, internal and
external reports of conditions in foreign countries, and the nature of our recruiting campaigns. And our
criteria of success are constantly changing, depending on the biases of Peace Corps staff overseas, the nature
of the jobs, and many other factors. In essence, success or failure is significantly dependent not only on the
characteristics of the individual but on the ecology of the environment.
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II

Where does this leave selection? Again, I have no panaceas. Prgmatism tois me that these is no
"Peace Corps" type. Consequently, we try to ensure that our selectim procedm ae loMl, judpnmta,.
flexible, and designed to produce heterogeneity rather than homogeneity. Sometimes, I think that a
selection system which minimizes the number of required characteristics for entrance and Ynaxknlzes the
number of chuacteristic prmitted for graduation will, in the long run, best serve Its purpose.

I]
We have become less sure of the accuracy of prediction; we have become more ooncemed with owu

role as experts. We have also become concerned with the way in which selection is consistent with Peae
Corps phiosophy and American culture. If, indeed, the Pem Corps is an "open ocesty," what is th
optL'numn role of the psychologist as selector7 Still groping, we have tentatively ageed that the selection
process, too, must be open. One assumption under which we are woridng is that evaluation mug be a
two-way process. It is somehow unfair to elicit information which is not shared with the individual trainee.

Consequently, we are trying to make our testing and evaluation a participative process. At various points in
the training process, test results, peer ratings, and faculty evaluations are discussed with the trainee. The
material presented to the trainee is not given as "the truth" but as the way he is perceived by tests, peers,
faculty, psychologists, etc. He is encouraged to discuss these evaluations and to test them rtainst his own
self-image. He is challenged constantly to question the rcality of his desire to serve in the Peace Corps as
well as his ability to do so. With this approach, perhaps we can obtain higher validities for our personality
measures. Hopefully, when the trainee takes the test he is more motivated to "tell the truth" as he es it,
since he knows he wil not be arbitrarily eliminated as a result of his test responses and that he, too, will
find out what his responses mean. This approach places the psychologist in a difficult role, since he must be
both evaluator and counselor, but I am convinced it can be done.

In one sense, our selection process implicitly embodies the principle that the most efficient technique
is one that collects as many independent evaluations of relevant behavior in relevant situations as is
possible. Consequently, we constantly challenge training to imitate as closely as possible the actual job and
environment. If the job is unstructured, unsupervised, perhaps the training program should be, also. Perhaps
the one reason why correlations between training performance and job performauce are so low is that,
except for knowledge factors, many of the factors relevant to performance are not present in the training
situation.

In our research efforts in the future, we shall concentrate on in-depth studies of the criterion
- situation to help determine the relevant pre-trainiq and training characteristics. This may lead to both

more 'elevant training and more relevant selection. I am convinced the two must go hand in hand.
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THE ROLE OF INFORMATION IN PERSONNEL MANAGEMENT

Carl F. Kossack
The University of Georgia

The need for more careful consideration being given to the
role of information in manageiment bystems is slowly becoming
recognized. All too often the increased capability in data processing
and data transmission that is realized through the use of high-speed I
computer and data processing systems simply results in the
development of additional data generation involving larger and larger
data files, Such data are often evolved independent of the need for
system-type information, or at best, each set of data is developed
with little regard being given to the interdependency of the data
contained in different fides. One writer has paraphrased the adage,
"one is unable to see the truth because of all the facts." It is the
purpose of this paper to consider the information needs associated
with personnel management systems and to suggest an approach that
may prove to be a useful vehicle through which one can consider this
type of information problem. Experience has also shown that the
introduction of system-type concepts to management problems almost always discloses a data deficiency
relative to the information required to apply the system model to an operational situation. In this regard, it
appears that the information acquired and used by individual managers in meeting their particular narrow
responsibility is not too useful when a more total system approach is considered. All too often, one finds
the available data is either incomplete, since it has been gathered only long enough to shed some light on aproblem that has arisen, or the more continuous type information files that are available are those that are

required for financial reporting or legal an4 tax considerations; and these types of data appear to be
studiously inappropriate for-use in management-type decision-making. One final introductory remark seems
required, and that involves making a distinction between data and information. Although in the above
disoussion there has been no attempt to distinguish between data and information, in modern usage one
considers data as being the m,, measures and characteristics that are acquired during the operation of any
program, while the term information is restricted to processed data where the processing is oriented
towards estimations required in decision-making. Using these definitions, it is the intent of the paper to
discuss how personnel data may be converted into information relating to a personnel management system.

At a meeting of the Institute of Management Science held some time ago, W. 0. Trueblood (1)
presented a paper in which he outlined an information flow model for corporate decision-making. In his
pap r, Trueblood gave a broad general description of the flow mechanism involvcd in such an information
system; iowever, he did not attempt to be very specific in h'ow such a concept might be applied in any
practical application. In 1963, the author presented a paper (2) which attempted to develop in more detail
these concepts, especially as they would apply to an electronics manufacturing program. Generally. the
Trueblood Model would also be applicable in helping to define the role of information it personnel
management, and the rest of this paper will be devoted to such a development.

Le.t us first consider the Trueblood Model as it was iritiaily presented. In the model three levels of
manageownt were recognized: (I) the headquart srs level, (2) tle divisional level, and (3) the plant level. Of
,:ourse, these designations for the three levels are.arbitrary, but those used by Trueblood are the ones often
associated with a manufacturing- type organization.
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To describe the information flow model, let us pre..4t tf, flow diagram as first introduced by
Trueblood and then discuss the model by using the diagrun (Figure 1),

Headquarters Model Estimation LonS-Range Objectives

DiAbiract Compute SComre, Dectde. Act

-- - -- ------------------ ----------------- ------

Piisalt Measurement, Variablese Objetive
Level Prmtr

Abstract, Compute 
Compare, Decide, Act

Fig. 1. Flow D ialgra m .- nfot atlo Flow M odel

From the above flow diagram one can observe that at the plant level values of the "vaables" of the
SITUATION must be measued and that the decisios made at the plant should be based upon them
observed values relative to their expected or planned level; and further that the deciions made would havea direct effect upon the situation. It is expected that srch variables would be operational in their genera!
nature.nAt the divisional level one obtains "parameter" etimates using the measures of the variables that
are transmtted to the divisional level from the plants. cisions are made on the basi of these parameter
estimates, and such deciion are concerned with short-range objectives. At the headquarters level the
oncern I with model estimatron, and the decisio ds are of a lon-range planninl nature.

Now in order to appreciate the meaning and mechanifm that are associated with such a flow
diagrtm, one must dehe suc term as variable, parmieter, model, etc. ro do this let u conider a definite
personel utiization system situation; for this pupos teI ave el SnlL persurnel

utilization approach that one might find in a weapons system operational progamn. I will not attempt to
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use any realistic descriptions in this exposition, first becausu I have none available, but also because I am
afraid that the demands of realism would complicate the consideration to the extent that the genieral
concept might be lost. I will use in the discussion the personnel utilization problems associated with the
introduction Of 2 new weapons system Into the defense arsenal of a country with particular referen e to the
crew assignment problems of such a new system.

To consider the model that might be used in the long-ranle personnel utilization planning for the
introduction of such a weapons system, I will utilize certain concepts that I introduced in my 1960 paper
on the mathematin of personnel utilization models (3), Our model thus assumes the existence of numerical
functions defined over the iaracterizaitim space which, for each type of personnel required to operate the
weapons Bystem, the function estimates the relative effectiveness of an individual if given such an
assignment. In addifion to these effectiveness functions, some team-effectiveness model must also be
available so that one can convert the relative effectiveness of each member of a team into a measure of
system effectiveness.

One such effectiveness model may be in the form of a family of learning curves a shown in Figure 2.
Each curve shows the progress of a crew in its system utilization training program, with the appropriate
member of the family of curves being selected according to the background characteristics of the particular
crew members. Thus, we may have the following representations. It should be noted that the expected final
level of effectivene,, of a crew may also vary according to the characteristics of the crew.

f 100
Per cent
Effectiveness 75
Level

25

0

Time from Activation

Fig. 2. Family of Learning Curven for Crew Effeetivemesf

These individual effectiveness functions and crew effectiveness models are research and development
type problems that are the responsibility of individuals at the headquarters level.
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The lonrge ob ti asvaited with the weapons stem invotm the introductio of the new

system into the defense program in such a way that the manpower resources of the country are allotted to
the rvetal available systems in such a way that the effectiveness of the total defense system wie meet the
rouirements of the countr, Thene lonannge plans will utiize the effectiveness model of the new system,
in combinati wso el g wl edol pgament plans, to provide this interptive type of oh-ange p n
Contained within these ongtrange defenw plans will be the sortrange plan for the butdup or the overall
effectiveness of the new weapons system For example, these shont-r age plans my be crsonteiudi
by a type of gowth curve, and thus the paraeters assoc iated with such a rowth cure would be the
parameters of the shio-term plan.

In fact, ths riowth ave Would be the shortterm plan rioen the diviso r level who wuldao be
assigned the responsibility, using the plan, of imptementin the new system into the defense proeram. Such
sy sowth Th curve gie t ep1enttd by the mathertial MOde

7 1

where y is the relative effectiveness of the system, t is the tme nfrom initiation of the implementation
program and l,and p are the parametens.

The div o a level would need to proram the field (lant level) implementation of the individual
system installations and for such a purpose would need to use the leamin curve models for each individual
installation. A member of the family would be selected to corresnd to the characteristicl of the crew
aeened to the particular system. Each field installation would then be charled with the responsibility of
developting the readine of each system assin ed it and for this purpose would be given the TARGET for
each system in the form of the leuinS curve associated with the harnacteristics of the crews to be made
vaible to the field command. i t is assumed that st any given ile a measure could be made of the

percentage of completion of the training program.

Let us review the overall model before disusing the information requirements for the utilization of

the model in an tual oper t situa ution. The bad model considered is in the form of a learnin cuve
whose shape depends upon the back ound chr temWetics of the vrew members usiped to the particular
system. This curve gives the expected time to operationec readiness for the system as well as the estimate of
-fhe final overall -effectiveness for the system. In--the-lonlg-range planningi program cared out at the-

headqurmes oevel, the personnel allocations are made for the implementation of the system within the
constraints of the overall service requirements. These allocations are then used to evolve the individual
systems learning curves which axe then integprated into the total system effectiveness model. This total
system effectiveness model is then used with similar models for the other weiponssystema avaiable for the
defense program to provide the total long-ange defense plans At the divisional level the responsibility of
implementing the new system is assigned, and the short-term goal is transmitted in the form of the total
system effectiveness model as used in the long-range planning programn. Now the divisional level will take
the several system installations that are required by the long-range plan and saign one or more individual

system to each of s level bis Ormpizations. Each organization will be a tioned crews as the plans call
for and given the expected learning curve for their system as the TARGET.

With the implementation of the new system, the SITUATION at each field organization will be
essentially a measure of the status of the system. We can now de Iine the variable as used by Trueblood as
being the per cent effectiveness of a given system at any given time. Thus the field level will make repeated
mesuements of this percentage as time goes on and will compare these with the level given in the

TARGET. 'Me field level by this comparison may DECIDE to act, with their actions being restricted to
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those that fall within Jheir own field activity. For example, if one system Assigned the fleld organization is
well ahead of TARGET while another, still the responsibility of the same field orgMization, is fallg
behind its TARGET, transfers of key personnel might be made in the hope of better meeting both
TARGETS.

As these variable values for each system ae being obtained by each fleld organUatIon, each system's
status would be reported to the division who would ABSTRACT the data and compute the best estimates
of the total systems powth model prnatu, say a2and P. Then esimut would b .ompad with the
parameter values given the division by the headquarters level, and if a signflcant variation Is indicated, the

Sdivision may make transfers of pesonnel between field organizations, or "ht individual systems
responsibilities, or simply recommend changes that may be instituted within each given field orpnitition,
Such changes re made to better meet the short-range goal.

Now these parameter estimates, as they are obtained, would be reported to the headquarters level
which would be receiving dmilar parameter estimates for the other weapons systems involved in the
long-range defense plans. These estimates would then be inserted into the long-range planning model and
the resuts compared with the long-range plans. If there were a significant variation between the actual
situations and the planned situations, changes, such as delaying the phasing out of an old weapons system,
may be made by the headquarters.

In addition to the long-range planning model, the headquarters level is responsible for the validity of
the personnel effectiveness models that are used in evaluating system effectiveness. Thus, in the early
planning stages certain assumptions must necessarily be made with regard to the relationships that exist
between the characteristics of individuals and their expected effectiveness when assigned a particular
responsibility as a crew member of one of the new systems. As experience is accummulated in the form of
both variable measurements and system parameter estimates, the headquarters research and development
group would correspond these experiences with the expected results obtained from the model assumptions.
If there were a significant discrepency between them, the R&D group would have the responsibility of
initiating studies aimed at modifying the models so as to make them correspond more closely with the
experience.

This -information flow system, associated-as it is-with the personnel utilization and effectiveness -
models, defines quantities whose values are critical in the personnel management of the system. Thus, the
variables that are measured in the field are direct indicators of the status of each system, while they also
contribute to the estimation of model parameters. In addition, the interrelation between personnel
charteristics and system effectiveness as considered by the system models provides critical information
relative to the man-mchine problem so frequently encountered in new systems.

Although it is recognized that the above consideration is lacking in realistic details and perhaps even

in logical content, the purpose of this paper has been to point out the need for system modeling if one is to
develop a meaningful information flow mechanism. It has been all too often the experience of the author to
find that reports required by mnalement provide, at best, information for a special study of a particular
problem and that the usefulness of the data after the completion of the special study is very limited. Often
these report requirements are retained by management on a sort of "just in case" basis. Until a more total
system information program, such as that envisaged by Trueblood, is developed, there is little hope of
having the right data available at the right time.

In conclusion, I feel it necessary to note that such ideal total systen) concepts seem to be exceptions
rather than the rule in our society, and perhaps the complexity of the human factor as it enters such
systems makes it impossible to approach information requirements of a system at such a logical level. The
challenge is surely with us in this respect, and any advance made in this direction 'cannot help but assist
management in meeting its responsibilities, even if the final total system proglam is never realized.
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THE EVOLUTION OF METHOD IN PERSONNEL RESEARCH

John C. Flonagan
American Irnlttutes for Rmerch

This diw.ussitfl of the evolution o+f method in personnel
research makes several assumptions whtich should be explicitly stated .
a, the ut~set of this presentation. First, it is Intended that erl',0.,th,(l "

mean Improvwient that liehid he giiven a broad neaning. such
it, a ,ystentatic way of achieving an end. Using these definilions, the
title can be stated as improvement in the ways of aehlevi g tile aims
of personnel research. As all personnel fesearchers ire aware, in
order to evaluate improvements in achieving ends. it is Of great
importance that the ends be dearly and completely defined,
Focusing oi tile evulution of method in personnel research in fhil%
light immediately reveals that the aims of perAmonel research have
changed very markedly over the period ol ti Li.st 25 ),ears.

Simply stated, the goals Of the Personnel researchers have
ifted from establishing that simple relationships exist betwcen a

predictor and a criterion to the much broader aim of contributing to (he solution of the problem of how a
totls system such as the defense system, or the Air Force subsystem of this total system, can achieve
maximum effectiveness at a given level of expenditure.

Tie first big change, then, in method lit perswnnti reseatch rclates to the definition of tile problems
which are to be researched. Experience has shown that the most critical factor in detennining the success or

Sfallure of personieleeseArch is the definition of the prrblern. Many large, sophisticated, and well uondULtcd
studies have, after the correct application or powerful analytical methods, presented uninpeaclable
evidence pointing to conclusions of only trivial value.

A second iMporlant topic under the headitig of evolution of method in personnel research relates to
the general area of data coUection. This lIcludes specifying tie populations to he involved. the varial'les to
be observed, the procedures and measurement devices to be used in making tile observalions, arind tile
scoring or grouping of these observations for data-aay4s purposes.

The third topic to be discussed will be improvements in methods for data analysis. This will include
changes in 'italistical methods, equipment, and concepts in this field.

The fina] topic to be included will be a consideration of data interpretation. data prewrlatio,, and
decisions.

To return to the first topic which relates to the evulutioin Of methods in defining pioblem, Ior
personnel rescaich, a brief review sMould provide sone perspective. Twenty-five years ago lie atenlioin of
most personnel researchers was focused on individual studies. Frequently tile que tioi was delined as "Will
this one general ability test predict success in this training course?" I training itself, a pewimnel itsaicher
spent a substantial amount of time developing measures of progress to he used in ta:ning. Tlh:, discovered
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early that the most important pioblemn in training was usually the one of "Is this training directed at the
minu inwottatit requirements for effettIve perormne on the job?"' Only gradually did permxow
researchers discover that it was profitable for them to study Job desig and the effectiveness of operating
procedures iwvolYuM pewul

In the 1950's 4 very significant step was taken by personnel ressarcher, in the direction of broadenn
theig outlook. One of the important contributors to this devlopemnt was Dr. Robert &. Miller, a formes
mismber of the Array Air Force's Aviation Psychology Program. Dr. Miller (1) workting on an Air Force

* ~~~contrat with the Amerim Intitutes for Rmuersi, deVVelOed the Outlines (cf 6 proeUre far evlalutn
taiin devices Hovevr, halfway through the projet, he noted that much of tfe information rolating to

* lb.~~1h valdty and etfeivust of the tfaining device touMl be obtained by anaysin the design of the devicei
* before it was built. On his recommendation the purpose of the projet was changed to the evalution of the

probable effectiveness of training device at the deslin mtap.

This, and other projcts which Dr. Miller carried out at A ..1 (r various Air Force research groups
(2), led to the development of taakoanalyals procedures and to the development in the Air Force of the
hurnan factors requirements for the desig of personnel subsystem in cnnnecllort with new eriperimental
anW prototype weapons systerru. Doctors Walter Grether, Robert M. Gagne, Athur W. Mellon, and others
were active in fonnulating; Air Force policies and plans in this are (3).

Examples which ilustrate the need for precise definition of the problem in personniel research are
give for selection and clsmalition studies and for trainin program The aceped and recommnended
procedure of mosm psychologists 25 years ago f- obtainting a valid set of predictors in a selection or
classficaton situation consisted in trying everything available and being quite suprisd at which things
turned out to hae predictives value. At the present slo this has been largely replaced by Systematic and
comprehensive studies of job performanc. Among the technique frequently used for this purpoe awe the
critical incident techiqu and task analsis. Using these data with such a procedur as the method of
explicit rationales, a relatively souud basis for defining job requiremeants Is achieved. In addition, the
method of explicit rationales presents for critical review prior to development or empirical validation the
Insolhs and inferences on which the selection ne development of predictor maasaes is based. The sam
logic and procedures are used for setting sup a proficiency or perfornmc test to nmsu W theIdviduals

- -learning in terms of his performance with reic oa particular set of job requiremeats.

A current trend somewhat accelerated by work in the programmsed learning field is the development
of assesment and rneisaament procedures desaigned to measure all of the behavioral objectives of a training
course before derveloping any of the training materials for the course. An examnple of this type of procedure
with a few additional mollfications is providead by a projet just completed by Mr. David G. Mre" (4) of
A-IR'-s Palo Alto ofie. The project was designed to give the trainee as complets an education in frst aid
as possible in a 7.M.our, l4day training period. With the assistance of the American Red Cron, a SOO0item
test was developed including all of the skills And Inforatio regarded as essential to such acos.

Before beginning work on the course, the test was given to a nwmber of new employees of the
Amrican Telephone and Telegraph Company whic supported the project to determilne which item adults

othstype already knew. The -fna training program consisted of 20 Instrutional film of 1.5 to 16

min nlnt.1 esosfpatcng ne~n wly uuh skidJ and 13 workbook sessions. These latter

wit noknon irs ai trinng btane abut 9 pr entof he tes crret; employees whotke

items correct.
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Thus, the pin from the previous training program represented only an increase of I I per cent over
what untrained employees already knew, whereas the now program provided a gin of 52 per cent over this
previouv level of knowledg and skll, Various procedures were designed to increase the efficiency of the
development program arid to avoid teaching things already known to the employees. The pretesting of
nowly hired permormtl wa one method. A second was the ust of a criterion frame outline in the form of
subteats fur various spegents of the sequenced learning program. These subtett mde It possible to check
on the eflectivenes of a qwfc instructions! sequence and mody it if the students were found not to

iA deicieny of t type of enmi te is that It d not indiate those instances where a shorter
trainlP4 prOgrm would have been satisfactory. Because of the tightness of the proram and the large

f amount of learning to be accomplished in 7.5 hours, a rystematic effort was made on this project to
I develop "lean" programs Initially which were likely to err on the side of insufficient learning, Where

deficiencies were found, additional instrwtonol materials were added in small increments until the desired
training results were obtained.

One of the interesting sidelights of thi study was that the employee with the highest score from any
of the previou training program obtained 66 per cent whereas the employee with the lowest score from
the new program obtained 71 per cent of the Items correct. Thus, there was no ovrlap between the two
groups, and the poorest learner from the new program was superior to the best :earner using the old
program. It seems clear from this example that the systematic and detailed analysis of the skills and
information to be obtained in a training course and the systematic development of a balanced training
program using enpiriea checks on various segments of the proipam in the form of subtests should greatly
improve the efficiency of much of the present training materials.

One of the problems in predicting both traning and on-thejob performance usi selection and
classification tests has been that there is frequently a wide variation in the quality of the training received
by various personne! Incuded in the program. Similarly, motivation, morale, and operating conditions can
vary to such an extent that they eriously attenuate the basic relations between the predictive instruments.
and the perrormance criterion. i as believed that as traiing is improved end becomes more consistent in
quality, and supervision and operating procedures are improved so as to oMakia higher and more uniform
mofivatio -and .mork among -the personnel involved, the predicted measures will show much hilher
coriciations with the criterion than are currently found.

t An extreme example lilustrating these attenuating factors is provided by the experience of one of our
IV projects in Nigeria. In this study, done under the direction of Dr. Richard R. Rowe, it was found that

achievement tet given to college entrants predicted perfonmne in the freshman class quite well, The
relation between thes predictor scores and stbsequent grades dropped as the students advanced to each
succeeding class, by the time that they were seniors, the relation between the predictor achievement scores
and their grades at college in their fourth year was essentially zero, This was not at all surprising because of
the very peat differences in the quality of elementary and secondary schooling received by the various
students within this clas

The last point to be made regarding the definition of the problem is that the new aim of the
personnel researcher is to maximiz the contribution of the personnel component to the effectiveness of
the total system. Thus, the personnel researcher is faced with a much broader problem st this time, He is
nuw a member of a team trying to integrate his data on cost effectiveness to maximize the performance of
the overall ystern.
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Tlie &orid asppt of methud to bc discuused is data collection. This includes definition of the
populations, spccification of the variables, development of procedures and devices for making the necessary
observations, and scoring or grouping of this information for subsequent analysis. Twc nty-five years ago,
populations tended to be rather small. Frequently the number of variables was only one, Most of the
procedures used for prediction were standard published tests, and the sconag and grouping of the data from
tf-ese measures was nearly always quite simple and conventional.

During Warld War I, inany new tests wic. developed for specific purposes using the types of
procedures mentioned in the priious section, Also during World War II, procedures were initiated to
follow all aviation cadets inrough their courses in the taining command. This cot. tinuous followup program
represented a radical departu-e from previous studies on selected sample groups. Although much reliance
was placed on simple criteria, such as pass-fail in training and triining grades (some of which had doubtful
validity), there were also many developmental projects aimed at Improving the crit.-rion measures. Some of
the procedures which were initiated at that time and which have be,.n improved considerably in recent
years int.lude the objective flight check, the situational performance test, and the standardized assignment.

In addition to the development of specific measuring devices and observational procedures to meet
particular data collection needs, perhaps the most important trend is in te direction of much more
comprehensive data collection, both initially and during the individual's training and operational activities.
It is now possible to include individual item data and specific observati*-ns, as well as summary scores a-d
grouped observations, as a basis for future decisions. It seems fair to say, however, that the development of
measures and techniques for data collection has not kept pace with the rapid progress in the other three
topics discussed here. Perhaps the personnel researcher's efforts will need to be focused on improving data
collection procedures in the next few years.

The next topic is the evolution of methods of d-a analysis in personnel research. This topic will be
discussed under three headings: statistical methodology, equipment, and concepts. The evolution of theory
and mathematical statistics has paralleled and in most instances led evolution in the other two areas. More
than 50 years ago, Karl Pearson and his students provided theoretical fornulae for tests of significance with
respect to statistics calculated from samples. Their function was to determine how often a deviation as large
as that observed could be expected if a large number of similar estimates were obtained from comparably
selected samples. These values were expressed as standard deviations, or standard errors. Since for many
statistics, values obtained from samples in this way tended to be distributed in terms of the normal

- probability function, it was possible to calculate rather readily how often a value as large as the obtained
statistical value could be expected as a result simply of variation from sample to sample under the stated
conditions. The conditions were usually stated in the form of a null hypothesis that the two observed values

o from the same parent population. If the null hypothesis was rejected, this was usually interpreted as
L.unfirmation that the values were not from the same population but that a real difference existed. Fiducial
limits were proposed by R. A. Fisher to test whether it was reasonably likely that alternate hypotheses
could account for the observed data. However, since these hypotheses need to be specified in advance, the
only risk considered was usaally the a priorh hypothesis which was most frequently the null hypothesis. The
probabilities reported usually related to the chances that the stated hypothesis would be rejected if true.

In the 1930's, J. Neyman and E. Pearson helped to clarify the logic of testig hypotheses by
emphasizing the importance of the secoad type of risk or error, that of accepting the initial hypothesis
when some other hypothesis was true. They referred to the two types of risks or errors as "-xrors of the
first kind" and "errors of the second kind."

A general statistical decision theory was developed by Abraham Weld as an extension of the logic to
all of the various risks involved. He first applied his theory to problems of sequential analysis of statistical
data. The logic, however, applies to all types of statistical analysis. The essence of decision theory is to
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consider cost considerations and consequences of I Jsion, in all situa""". The d4i4m tanker is required
to estimate the cost of an error of the first kind an ilso the cost of an error of the second kind. A strategy
is sought which would yield decisions which would optimal in terms of costs and benefits.

The importance of decision theory was th forced the personnel researcher to look not at the
question "Does a relationship exist?", but to tat n many more factors in the situation and consider the
consequences of making various decisions on the .sis of the available data.

A somewhat parall development over the past years has been the work of Doctors Hubert Brugden,
Paul Horst, and Lee Cronbach, and Goldine Aleser (5). These studies have related to maximizing the
benefits from selection and differential prediction and the effects of variations in testing costs on net gains.
The value of the concept of decision theory is that it enables a rigorous comparison of alternate testing,
training, and operating procedures when all of the possible payoffs and costs under each of thtse altefnates
have been estimated. The development of decision theory is certainly one of the most significant events in
the evolution of method in personnel research.

The evolution of equipment for use by the personnel researcher has been dramatic. From written
calculations, to hand adding machi es and calculators, to punched-card tabulating equipment, to electronic
computers, to large capacity, remote-input, time-shared computers has involved an almost unbelievably
rapid increase in ability to use sophisticated and complex concepts in the personnel research field. Very
important advances were made in the Air Force in World War II in terms of using large numbers (i.e., whole
classes), using standard procedures and automatic followup, using punched-card tabulating equipment and
scoring machines, and also introducing built-in evaluation of the possible contribution from new measures
anO. instruments. However, the new electionic computers make possible very important forward steps in
terms of collecting much more detailed data regarding each person by following him in his career and
evaluating his performance in great detail and obtL ning data for maximizing the benefits from personnel
decisions in a way which would have been quite impossible without the new equipment.

It is interesting that as decision theory was being developed to provide the broad outlines for a precise
solution to maximize specific systems from a theoretical point of view, the electronic equipment essential
to any such analyses was also being developed, and at the same time new concepts for overall system
planning were being formulated. Some of the basic concepts which have had great influence on the
personnel researcher include systems engineering and project definition. Perhaps the most important aspects

L of these concepts are the requirement for establishing primary mission goals and major performancegoals
and-insisting on the careful and systematic estimation of total costs and comprehensive measures of
effectiveness for the system. A typical requirement is the limiting of the functional flow block diagrams to
pure functions to permit man and equipment trade-offs later in the system analysis program. These
concepts force the personnel researcher to be a part of the design of the systern which specifies
performance goals and systematically explores all avenues for minimizing cost. The personnel researcher
must be an expert on human behavior unde" various conditions and be able to make realistic estimates of
the long-term performance of an individual on a particular job proposed as a part of the personnel
subsystem. Thus, the framework for data analysis has increased its sophistication to keep pace with the
development in the broadening of the problem of the personnel researcher.

The last topic to be discussed relates to data interpretation, data presentations, and decisions. This
tolp.:. is cosely related to some of the concepts discussed under the last heading. The interpretation must be
made in terms of a larger setting and in terms of a functioning of a complete system rather than as an

isolated item. There is a great need for more precise cost accounting and information on personnel
reliability and personnel performance under unusual conditions. Data must be precented simply and in
terms of system effectiveness rather than individual performance. Some of the more powerful concepts of
multivariate analysis are important for presenting the increased volume of data in a simple and easily
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interpreted fntm One of the problems in data interpretation which is a sour e of difficulty at the pmat
time is the validity of !L: neaautes and obervttons obtained. It is difficult to make the comet decision
with respect to a broad, well-stated problem even with the aid of sophisticated theoretical fommuatios and
advanced hardware if the technsques for data collection ae not entirely trustworthy and are lacking in
precision.

In summary, the proW n-m of the personnel researcher has duagd a Sreat deal in the last 25 yeaL.
Personnel research is now much more learly one part of a tearn working to optimi the results In an entire
system. Interaction of personnel with other components of the system must be an inte al pet of the new
research program. This change in the definition of personnel research has added requfrements for olleting
data on many more variables and it much greater detail It seems that this am of data collection offers the
personnel researcher his greatest opportuny to conuft to the increaed quality of decisioo. Mom
precise and valid techniqw, for measuretent and observation would clearly make poeible a sharp focus
on the optimal decision.

The development of deLition theory, new electronic computer equipment, and sophisticated concepts
in the areas of systems engineering and related management problems have kept pace with the new
definition of the problem of personnel research. Another area in which important contributions are needed
relates to data interretation and decision making.

It appears that th' ronceptualization of the problem of personnel research, statistical theory,
computer equipment, ane. ;nanagement concepts have all developed at a more rapid pace than the data
collection and data interprrtation methods of the personnel researcher. This field will need intensive efforts
for some years to enable management to take full advantage of' the opportutities for Improved operations
that these developments have made possible.
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[IXI

MILITARY PERSONNEL RESEARCH: AN HISTORICAL PERSPECTIVE

Leland 0. Brokaw

Personnel Research Laboratory
Department of the Air Force

Because so many members of the audience have spent major
and minor segments of their professional life dealing with the nuts
and bolts of the design rhases of the present structure, this paper
will not dwell upon the specifics of the development of a test, the
rationale for a psychomotor apparatus, or the procedures followed
in the collection of critical incidents. The evolution of types of
research will be traced in the hope of making more clear the
enduring pressures and priorities that underlie military personnel
research.

It is interesting to attempt to set the date from which this
review should proceed. This is the Twenty-fifth Anniversary
Symposium; and it is quite true that November 1941 is an historic
date in the United States Army Air Corps Aviation Psychology
Program. To imply that out present circumstance had its origin at
that precise instant would be misleading. It is not appropriate to set the zero point at the time that Dr.
Yerkes and his colleagues assisted the War Department with the testing program leading to Army Alpha in
World War I, because they depended upon still earlier researchers in the domain of mental measurement.
Wilhelm Wundt, and the psycho-physiologisis of his day, in a sense mark the beginning; it is improbable
that profit would come from the identification of the precise instantind place whence sprung ouLcurrent
program. Better far that we should treat it as a mental measurement scale, identify the origin as undefined,

, [and attempt to work along from the arbitrary point established by this birthday party.

This review will be biased. Since 1943 the writer has worked within the Aviation Psychology
Program, in those organizations that have evolved into the present Air Force Personnel Research

, Laboratory. Formal sources for the material of this review could be the program documentation, the
technical reports, and the papers we have placed in the journals, and at the professional meetings. However,
this discussion will reflect experience: the program documents, the technical reports. the journal articles,
and APA papers are like the exposed portions of icebergs--indications of general shape and size. but
concealing major portions of interest.

Investigation of the characteristics of the published materials of the Laboratory reveal some
continuity of certain program aspects, certain cycles of investigation that ebb and flow, and isolated
explosions of specific activity.

There is a steady tom-tom beat of production, calibration, and validation of operational tests. Indeed
Ithe tap root of personnel research springs from the exploitation of individual differences in selection and

classificaion programs.
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The dramatic relations between stanine level and elimination rates for pilot trainees who had been
screened on an aptitudinal basis in World War II are well documented, well regarded, and well worn as
justification for other projects in the personnel research are. Incldentaly, the matter of pilot selection
continues. Wc fiod the sne types of paper-mnd.pencil tests to be valid now that were valid in 1942, and
that the sare principles of supply and demand apply.

The considerations which led to the use of the aircrew measures provided a basis for the development
of relatively sophisticated tests io use in the selection of airmen for service in the Air Force and to define
their area of occupational assignment within the Air Force. These measures demonstrated very useful levels
of validity against criteria of school suess, and hen we find the eternal question in personnel femarch.
Our field of significant achievement is also our field of significant need. Our tests have had solid succes in
the identification of those individuals who might be expected to do well in training, yet attempts to relate
test scores to operational measures of success on ajob have yielded insignificant results.

This dilemma, recoptized throughout the profession as "the criterion problem" has produced tons of
ratiocination, justification, and explanaticn. It is difficult to accept the concept that masures related to
success in ttaining for a certain job should have zero relationships with uwccess on that job. It is improbable
that zero relationships do obtain between those uspects of the job that are trained and the selection score.
It is probable that other factors obscure the relationships if direct measures are made of global factors of
job success. Evidence in support of this contention can be inferred from McReynolds' (I) finding in W58
that successively higher aptitude levels were associated with successively higher grade in Air Force enlisted
populations. This is not dean, because policies of elimination of non-productive airmen are correlated with
aptitude scores.

Let us specify that objective identification of comparative levels of achievement on the job is a basic
need of the science. Encouragement comes from studies based on the concept that homogeneous work on
the part of all membars of a criterion aessment sample enhances the probability of objective evaluation of
the members of that group. Positive results from these studies were reported by Wiley (2;3) in 1964 and
1965. There is reason to believe that evaluation of proficiency at the task level may produce useful result.
This, however, devolves upon future research.

What are the ingredients of the twenty-five year of personnel research under review? Casual
inspection of the tides of hundreds of reports emanating in that period suggestz a heterogeneity like unto
an oriental baar. More careful screeninj reveals that there are certain areas which receive attention on
either a continuous or a repetitive basis.

The normal human characteristic of naming that which is not understood is well known. An example
or two will clarify this point. An infantry platoon is pinned down by enemy fire. The officer and sergeants
are killed, Private Joe Doaks rallies the men, redeploys them, escapes the trap with them. Private Doaks
demonstrated "Leadership."

A factory worker shows his supervisor how to change the design of a subassembly so that it involves
fewer pars, is less expensive to manufacture, and is more reliable in performance. He has demonstrated
"Creativity."

An individual of limited intellectual resource has spent every available minute studying and after a
number of years is awarded a graduate degree by a leading university. He has demonstrated "Motivation."

These three concepts, along with others, have triggered numbers of studies over the years. Some of
these studies have been generated from within, when a research worker has had an idea that suggested to
him that here, at last, was the key to the problem. Others have been imposed from above, or requested by
other organizations.
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Consider the recurrence of some of these topics in the Laboratory program.

In 1947 and 1948 Johm T. Cowles and John T. Dailey, assisted by Bob Keller (4), were called upon
by the Officer Candidate School (OCS) to assist in the evaluation of the candidates. in terms of dimensions
like "leadership," "motivation," and "creativity." They devised a proglram wherein a group of officer

~candidates would be confronted with a problem and left to work it out under their own resources. During

the time they worked on the problem, the officer candidates were observed by tactical instructors who had
been couriseled by the psychologists on the kinds of behavior to rate and who had been provided with

forms for the collection of data.

During the experimental and training phases, everyone involved was delighted with the program.

Some unrevealed leaders were discovered; some bluffers were unmasked; the judgment of relative
capabilities of individuals previously held by tactical officers was supported consistently enough to please
them. The system was adopted for use and then met the problem usually encountered when evaluative
systems go operational.

The officer candidates' unofficial motto was "Cooperate and graduate." And they did. The word was
out, and various cadets manipulated their behavior so that eveyone got an equal chance to shine; the means
of the ratings crept together; the variances equated; the system failed.

In 1951 Ernest Tupes (5) started collecting peer ratings in the OCS. Candidates were forced to
nominate and order their fellows on various trait dimensions. These data were collected across a number of
classes; they proved valid for tactical officer's ratings in the school; they were found significantly related to
later Officer Effectiveness Reports (OER). The collection of such ratings is onerous, and a policy judgment
came from higher headquarters that peer ratings should not be a part of the evaluative process in any officer
training unit.

Factor analyses applied to trait ratings by peers in a number of different populations, and reported by
Ernest Tupes and Raymond Christal (6), demonstrated a stable structure, with five common factors, across
samples as diverse as kindergarten students, officer candidates, fraternity brothers, and college students.

- - -_The-next cycle-of this investigaiinninvolved the development of questionnaires touching the factbr
areas identified by the trait rating analyses by Warren T. Norman under contract at The University of
Michigan (7;8;,9). This work, completed in 1963, is approaching its final evaluation, in terms of validation
of test scores for OERs achieved in the field.

And so it is seen that the fairly straightforward concept of evaluation of would-be officer personnel,
along dimensions of behavior which are quickly recognized by name, has been treated in three distinct
phases over the yeam- between 1948 and 1966, although as yet substantive findings are not at hand. This set
of circumstances highlights a major problem in the relationships between personnel research workers and
operational personnel officers. Eighteen years have been spent in productive effort, and even though it now
looks more promising than ever before, a method for the quick and objective evaluation of personality
traits which are widely regarded as basic to desirable officer behavior is not yet available.

Impatience for results, coupled with a need for answers to pressing problems, has made administrators
reluctant to take problems to personnel research workers. Not long ago a senior Air Force officer
commented that by and large personnel research was worthless because the answers were always behind the
problems. In a momentary sense this can be true, but in a larger view it is quite false. Consider a case which
frequently rises. The general says to the psychologist, "I need the answer to Question X."
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The psychologist says, "Yes sir, I can provide the answer to Question X in four years." 4

The general says, "My tour is three years. I cannot wait four years. I will take action Y, and you
ignore the problem."

In three years and six montlit a new general rays, "I need the answer to Question X,"

The psychologist says, "Yes sir, I an provide the answer to Question X in four years," and the
merry-go-round continues.

Fortunately, many persons in the system recognize this phenomenon, so that a major portion of the
charter of a research unit is properly devoted to documentation of work that continues without basis in
such momentary requests.

The apparent slowness of response observed in personnel research has its basis in facts which
argument cannot alter. If you would educe an objective measure of some desirable trait, as for example,
leadership, you must not only devise an instrument for the collection of data, but you must provide for the
collection of other data which reveal the operation of the trait in question. You must give your sample of
individuals upon whom data were collected the opportunity to display the variations in leadership which
will demonstrate that you did, or did not, collect initial data which were predictive. This is the reason peer
ratings collected in the Officer Candidate School in 1951 are not evaluated in any real sense until 1957; this
is why an experimental test administered to thousands of basic airmen at Lacklapd in 1952 cannot be
validated across one hundred technical schools until 1956; this is why a reenlistment index devised in 1960
cannot be evaluated until 1965.

There are ways to shorten these times, but in each case costs go up, and the scientific defensibility of
findings goes down. We have shortened the time for validation by administering tests to airmen as they
entered the technical school, accumulating a minimal acceptable sample, and correcting the derived
validities fcr the restriction caused by administering the experimental test in an already selected group. We
have collected statements of reenlistment intent simultaneously from airmen with one, two, three, and
three and a half years of their first tour accomplished, and compared response patterns across the sample.
Thcse have been compared across the samples in terms of the reenlistment behavior of the first eligible
sample. The succeeding samples have been added as theybecame eligible-_ --

Now, let us contemplate another problem, We have discussed the objective measurement of
personality traits believed basic to desirable officer behavior; we have considered the validation of a
selection test for a technical school; we have contemplated the evaluation of reenlistment intent. Each of
these topics is presented in a context of personnel research. At this point a number of our academic
colleagues will draw their PhD cowls down tightly on their heads and snarl that the foregoing is not research
and should not be dignified with such title. In-service applied research programs are but the application of
recognized principles to the solution of administrative problems, and properly accomplished by technicians,
not scientists.

The vicious aspect of this point is that it contains some truth; and the overt support philosophy for
the in-service program has reflected if, at times. There has been a period when our program documentation
carried a specific indication of the weapons system toward which the research was oriented. At other times
this wording has entirely disappeared, and phrases like "investigate the fundamental characteristics of
thus-and-so" have taken their place. However, the concensus of senior personnel within the Personnel
Research Laboratory over the years has been that the differentiation between basic and applied research in
artificial, that without basic elements, the applied program is sterile and cannot last. If you force competent
research porsonnel into a program of techniques where only mon.entary problems are considered, quality
will evaporate, and the whole program will not be far behind.
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The Personnel Research Laboratory has been fortunate that there has been a consistent spuinklng of
senior officers at our intermediate and high levels of command who have recogized the imperative
requirement for investigation of fundamental matters in concert with the solution of the more overt needs
of the Air Force Personnel System. They have been responsible for actions such as initiating a reserch
program in the Laboratory in the area of occupational analysis with full knowledge that nothing would
come of that program during their own tenure of position. In fact, that program, initiated in 1958,
produced few major findings of direct use to the Air Force until 1%5, when our study of the appropriate
grade for all Air Fofce officers reached a reportable stage (10). It is quite true that study was done in
response to a direct request. That request could not have been serviced without the prior period of
uninterrupted research.

It is not pproprite to refer to persorm l research a if it were a unvocal process, but It isbegullng
to attempt to do so. Has there been any change, has there been any progress between 1941 and 1966? If so,
what?

There are two factors that make such exposition difficult. The first such factor is people; the second
is history. By people, it Is meant that different persons in positions of authority operate from different
policies, and emphasis is placed in certain areas as a function of the bias of the leader. Being in a
govemmenital unit, we sway with the politics of the party in power; for four years we emphasize in-service
research, with definite pressure to broaden our program and make it more genuinely basic science; for the
next four years we minimize the in-service capability, contract for development work, and concentrate on
supporting the immediate needs of weapons systems. Although such pressures have been felt, their effect
within the Laboratory has not been marked. This is true because of the ponderous inertia of governmental
budgetary procedures. It takes effort to induce much change in the budgetary configuration of an operation
of small size, as we have been. The stability of our key staff has tended to introduce and maintain a
desirable balance in the way we conduct our business.

rThe second factor making difficult the assessment of the evolution of the program in personnel
research lies in history. If in a vacuum, with constant economic framework, with unchanging military
commitments, without technological change in weapons, vehicles, computers, and communications, the
evolttion of the process could be observed. Since 1941 several factors external to our control have
impacted on the program. First, World War 11 ended. A number of projects, mostly focused on development
of rethods of performance evaluation were inconclusively abandoned. The manning of the aviation
psychology program was reduced from several hundreds to about five persons.

Starting in 1946 John T. Cowies and John T. Dailey began to assemble a peace-time research
capability in military psychology. Their program grew and by 1947 monitored an aircrew testing program
fostered by Reuben Baer and developed paper-and-pencil classification tests for enlisted Air Force
personneL Effort was spent identifying and elaborating measures of officer quality and broadening the
coverage of aptitudes for enlisted persons by closer attention to personality factors, with data collected
through biographical surveys rather than from classic personality scales. Tests were scored by machine;
scores were key-punched into IBM cards; validation studies were run by computing basic summary data on
IBM tabulators, then computing the Pearson correlations by hand, with desk calculators, and multiple
correlations in the same way. Pedestrian and primitive by standards of today, it was a forward step from
calling off scores from answer sheets to prepare scatter plots for the individual hand computation of
Pearson correlations as was done early in World War II.

And then the Cold War led into the K jrean conflict. Under the liberal mahning policies thereby
induced we found a considerable increase in Air Force psychologists. The Air Force psychology program
grew rapidly and came to include research prograws in operator training procedures, ciew research,
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maintenan techniques, methods for the uw or radar obsrvers, and a hat of others. The ersonMN
Laboratory program grew to ineude research in manpower, a program in motivation and personality
measurement, a prsram in aptitude test research, and improved support functkns in experimental test
admnistration and data analysis.

In 1957 the larger organization was curtailed, leaving the Perso l Laboratory with a program of
aptitude sd evaluation research, and besinm a new piurim of o eiiomwl aulyiLs.

And then, one day in August of 1958, a not very prepousessing truck backed up to building T90160
at Lackla and unloaded a few tons of hardwate known as an IBM 650 Data Proocing System, We didn't
know it then, and we didn't recognize it for the next five years, but that was a most significant date in the
Laboratory's hitory. We w ie the cave man the day he discovered a wheel. Our load was marvelously
lightened; out capacity was mmassur b y increased.

At first our new computer was ued u a large desk calculator. We ae not unique in this respect-every
organization with its first computer has gone through the cycle of automating the previous operation and of
being slow to understand the true power of the computer and to apply that power economically to their
need. But there had been, as there are still, men of insight in our program, and in the Air Force Personnel
System. John T. Dailey, in 1948, had contracted with David Votaw (11), a mathematician at Yale, to study
the personel assignment problem, the best fit of N men in N jobs with attention to all characteristics of
the men and of the jobs. Earlier Robert L. Thomdlke (12) had worked on the same problems; most of the
reaction to their work was amazement at the variety of symbols in the equatior.s in their reports. In the
early 1950's, John Leiman had contracted with Carl Kossack to contemplate Markov chains in the Iigh, of
the flow of personnel through a system.

As we moved into the 1960's, we came of ag. We modernized our computing procedures as urged by
Joe Ward and Robert Bottenber. Our analytic procedures moved five years ahead of the profession then
and are five years ahead of it still, if the papers read at professional meetings are to be trusted. We have
developed machine applications for the assignment models and flow models contemplated by Votaw,
Koesack, and Thomdike. John Merck and Frank Ford of our staff have polished them and supervised the
detail work of programming them for the computer, which was upgraded to 7040 in 1962.

More than this Joe Ward and Robert Bottenberg have gathered themselves, together with their native
intellect, the analyses they encountered on the-way to their doctoral degrees, the problems of-s modern
personnel system, and the characteristics of the high.peed electronic computer, and they have furnished
the profession with a more powerful tool for the accomplishment of personnel research than was dreamed
of in 1941, or 1946, or 1960 (13). Their aplication of the multiple linear regression model as a tool for
behavioral research represents a major breakthrough in the state of the art. Precise evaluation of the role
played in any personnel Action by all the variables incident to that action is one manifestation of the power
of the model. Data for selection of an optimal set of selection variables to meet everal criterion groups is
another.

As is often the case in research, minor elements of bygone program are vital to current major efforts.
During and since World War II, every bit of data or personal information on a member of the Air Force that
the Laboratory happened to acquire in either a research program or from support of an operational
program has been retained. Records Management types have complained of our failure to discard records
more than a certain number of days or years old. Laboratory commanders have striven manfully to clean
the Augean stables of our archives; "throw the junk away" has been the cry. And we did throw some few
things away-after we had copied them on magnetic tape.

Id. How. -Official designation fat the buildinS which housed the Personnel Research Laboratory and
housed many of its antecedent forms,
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Dot in NowMML~ Of 1966 t#e old data ain sUddenl a treasre beyoild pric. It is possble to tiron
the relationships between selection scores And the Actions of persons who hav profoundly distinguished

Mated with aptitude, training, Adcareer progressmo data, the computer can now Accomplish suiso
populations, not amnple.

A flow modal in a computer, showinil numbers of persons in every category of interest, permitting
teDeputy Chief of StatY for Persone to w-rgamne such policy changs as he may elect, cannot exist

without same mystic value called transitional probabilities. It would be possble to estimate the numbers
of, fo exan&Mpstff usegan. n the administrative caree field. who have exactly seve yeaws service who
will during tOe next year, become technical sergeants, remain gtaff sergeants. accept discharges, be killed,
flat maried, have another dependent, switch career fields, and so forth. When the estimate is complete, it
will be dar. of a sort but Accuracy is bound to be low. With the data bank one can develop an empirical
matrix Thien one cam say to the general, "Yet, sir, that is what happened."

The cofMination of hlgb~peed computational facility and fMes in depth on personnel data permit
entirely new kinds of endeavor. We have joined our files with the craft of the economist to accomplish
studies which have been of finaincial benefit to every member of the armed services.

The facility engendered by the computer makes small work of arduous computational chores. It can
accumplish the simultaneous comparison of two thousand airmen, in all possible pairs, across their recorded
performance of 900 tasks in their carer field. It can identify groups of Airmen of homogeneous duty in a
career field, even though scattered throughout the Air Force, and it can write an accurate description of the
content of their Jobs.

Twenty-fiv year have seen us move fromn the validation of a test battery through a process of
hand-allying of scores and the computation of correlations on a scatter plot to an automated data
processing capability that can accomplish A, thousand man-years or hand-done clerical work within the
twinkling of an electronic circuit. The power of investigative rsource has gone up millions of times with
the advance in computer technology. Personnel research has broadened from the identification of aptitude
variables Associated with succes in trainintg to the modelin of Air Force carers and the Accomplishment of
demograph-ic, studies which make-techore of the -personnel jianer and admiristrator an objective science-
rether then a mystic art. Precision in the identification of the capabilities of persons, and the requirements
of positions can now be melded to humanitarian and equitable policies for the effective manning of our
military service
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XIII

OPPORTUNITIES FOR RESEARCH IN THE MILITARY SERVICES

Ernest J. McCormick
Purde Unlv rity

I believe I Was targeted fur this topic because I haw not
learned tw art of keefin my mouth shut. In patula, I guess I
have come to resemble a cracked record, having repeated on various
Occa o s the saMe theme-Amly, my deep-4owM cotvioit that
the opportunities for personnel and related research In the military
services are significantly greater thin they are In Industry or
universiies. Basically, this conviction is predicated upon two
factors: first, the very respectable, and occasionally outstanding,
achievements In this area that the various services have racked up in
the past; and second, the psychologist's usual assumption that futurebehavior can best be predicted on the basis of past behavior.

As a point of departure, then, I would like to offer the opinion
that many of the landmarks in personnel research and related areas
have been made by the military services themselves, or have evolved
from beachheads that the military services have established in their research actiVileL I haIen to add,
however, that the road to these accomplishments has not always been a freeway; it has frequently been
mountainous, curved, and strewn with rocks. (I will return to a discussion of the rocks later on.)

If you will pardon some reminiscences about the obvious, I would like to cite a few "for instances" of

the si nificant research contributions that have been made by the military services.

Dominating the landscape of the past is of course the wide assortment of innovations made by the
military services in the broad area of personnel classification and assignment. Basic to this effort is the
requirement for the measurement ofhuman-atributes by the use of tets, wakls, questionnaires,-nd related
devices. In this connection, there is hardly a text in tests and measurements that does not, if, its
introductory chapters, cite the Army Alpha and Beta examinations of World War I as the first significant
step in the whole domain of group tests. Concurrent with the development of these tests was the
development of pro. ,dures involving their use or a wide scale in the classification and assignment of Army
personnel. Although this quantum step in personnel selection and placement procedures served as the
springboard for the development of corresponding tests and procedures in industry some years later, its
impact within the military services was relatively nominal for the following couple of decades during which
the military services, as such, passed through a period of partial eclipse. The experience developed during
World War 1, however, plus intervening developments of test technology in the civilian sector, plus that of
certain Government agencies such as the U. S, Employment Service, provided the backlog of experience and
technology that made it possible for the Army and Navy in World War II to embark immediately upon what
was then the most extensie program in personnel classification and assignment the world had ever known.
Despite the criticisms to the contrary, both well-founded and not, it is at least my own personal conviction
that those classification programs contrib-ited significantly to the effectiveness with which the military
services girded them.lves for that unhappy , riod. Among the several very effective programs during those
days, for example, was the (then) U. S. Air Corps program for pilot sel.k.zn, anl unusually comprehensive
and thorough test-validation program initiated by Dr. Flanagan and his fellow cohorts here at Lackland Aix
Force Base.
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Aside from the demonstration of the effectiveness of personnel clattificatlon programs during, and
since, World War 1, the research staffs of the military services have made significant contributions to the
entire doma'." of tests and mna.urements in various wsyv for example, in the development of a wide
variety of test. its such; in the domain of what I will call lest technology (such as the contributions of the
Army Pet ;onnel Research Office); nd in special, unique approaches to the use of tests, such as in validating
tests for certain subgroups of subjects. As a logc followup of the original classification programs of the
military services, the three services are now applying computer technology to the personnel classification
and assignment problem in the assignment of recruits to various types of training and duty. I might add,
parenthetically, that such elaborations place a much heavier burden upon the researcher than the now
archaic scheme of having such personnel decisions made by people,

Another facet of personnel research in which the military services have had a dominant input is that
of personnel appraisal and rating methodology. The work of the military services in this particular area was
initiated by the Army during World War I with the rating systcm that was developed by Scott and his
aswciaes. Another milestone was the development of the forced-choice methodology, sparked by
Richardson and others of what is now the Army Personnel Research Office, and pursued further by others,
including Berkshire (a former member of the staff of the PRL, now with the Naval Aerospace Medical
Institute). The forced-choice rating technolugy has generated over the years a chain reaction into other
are" such as personality measurement, attitude measurement, etc.

Related to performance appraisal are other aspects of performance measurement. In this connection
the military services has, ixplored, more than anyone else, the use of performance tests of various types,
both for research and administrative use. The Army, for example, is in the last stages of completing an
ambitious research undertakina that has involved a testing program in which 4,000 lieutenants were ordered
to a test site for a week of situational performance tests.

Still another research area in which the military services can take a front seat is that of training.
Collectively, there is vast ignorance about the human learning process in real-life situations. However, the
militarn services have done more than their fair share in reducing this void. Perhaps a very -ignificant,
although not spectacular, forward step along those lines has been the development of training content and
methods which are designed to fulfil actual job requirements. A couple of examples of this are those of
HumRRO inf their TRAINFIRE program (dealing with leadership trainrig). A related effort with an
additional twist is the research program at the U. S. Naval Personnel Research Activity, San Diego, reported
by Dr. Fields, in which the objectives were (1) to train as electronics technicians new recruits whose
aptitudes were lower than those usually selected for such training, (2) to train them in a shorter time, and
(3) to train them so their skills would be more immediately useful on the jou. Evidence to date indicates
that there are no differences in the shipboard job performance of the experimentally trained men and those
in a control group, although time may later reveal differences in promoti')ns, perfomiance in advanced
3chools, etc.

Various aspects of personnel research hay dependence upon some type of job analysis information.
Job analysis, of course, has been something a busgaboo to some personnel research efforts, since the
problem of quantification or categorizatior jc. information has been a fairly knotty one. But here, too,
the military services have ventured to tread, with reasonably significant results. The pioneering work of the
Personnel Re~earch Laboratory (whose birthday we are celebrating) is particularly noteworthy. They have
developed and used job inventories, consisting of lists of job tasks in a given career field, as a means of mass
collection of job information directly from job hicumbents. This technique, in combination with certain
associated statistical procedures (which they have also deelopedl, has made it possible to describe jobs in
qur ntitative terms and to express job relationships in quantitate terms.

,
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Although our primary focus in these meetinP is that of personnel research, the title of this
Symposium is Personnel Research and Systems Advancement, The "system" is the framewosk within which
"personnel" perform their functions. The last couple of decades have been characterized in part hy a frenzy
of attention to the ".-ytems approach" - both to it: faddixh aspects as well as to its real substance. An
important facet of this "new look" at the context within which people work is the applcration of
systematic effo.u to design the physical equipment peopie use and the environment; within which people
work in terms of human considerations. Aithough these objectives are as old as man, the development of
human factors engineering brought a systermtic, scieatiflc appmach to this effort. The major thrust of this
effort must be credited to the military services and, thus, must be chalked up as another very significant
contribution of the military services, A very major part of the research in human factors engineering in the
years since World War 11 has been carried out or sponsored by the military labaratoies, .wch as the Air
Force Behavioral Research Laboratories, the Naval Research Laboratory, and the Army Human Engineering
Laboratory.

A logical evolutionary step developing out of this new look was the notion of the personnel
subsystem, also a contribution of the military services. This concept has served as a catalyst to lend
cohesion and integration to the two important facets of application of human effort to the achievement of
stated objectives - namely, on the one hand, the personnel aspru and, on the othe-i hand, the design of the
facilities and equipment (i.e., the physical systems) that are provided for people to use. For too long these
two sides of the coin have been treated independently. The personnel psychologist, for example, has acted
as though the work situation (i.e., the equipment, the procedures, the work space, the environment) were

God-oven and not subject to change. Starting from this premise, his objectives were those of selecting
personnel, and then trining, supervising, and motivating personnel within this pre-ordained job situation,
Th early approaches to humn factors engineering were equally lopsided in the other direction, being
directed toward designing work facilities and equipment so anyone could perform the required tasks, thus
brushing entirely aside the required need for consideration of individual differences, the thing most dear to
the heart of the personnel psychologist. In its optimum form, the "systems approach" to the development
of facilties and equiprtnt does, indeed, take into account both sides of the coin. It is specifically the
concept of the personnel subsystem, however, that tends to weld the two sides into (if you will pardon amixed etaphor) a single, integrated ball of wax. In the development of this frame of reference, research
psychologists and uthie perbonnel of the military senices have played a major part.

In discussing this sort of "desegregated" or "integrated" way of looking at human beings in systems, I
do not want to imply that this "new look" is now standard practice, or that completely adequate methods
and techniques of analysis have been developed, or that substantive principles and guidelines have been
developed to solve all of our problems. But the walls of Jericho-that have tended toward
compartmentalized approaches to human problems in the military services and industry-these walls at least
have some cracks in them, these cracks having been started by the military services,

Another major resch effort that has major overtones relating to human performr.ce is that of
CDEC, the Combat Development Experimentation Center at Ft. Ord, California. This center is concerned
with expeririientation with mtilitary doctrine, tactics, organizations, etc. Their research relating to simulated
military op-tations of various types is cprried out in a grand scale over miles of terrain. This is the type ofII
experimental opportunity that could cause a pragmatically oriented expernental psychologist to droolmore than Pavlov's dog.

One could cite other examples of research contributions of the military seo'ices to the field of
personnel and systems research that ught be considered to be "significant," as in Ole study of human
stress, leadership, or group performance, or in the development of criteria and ' ctical techniques.
Various such efforts might be of the nature of landmarks or breakthroughs, or of' lure of interesting
innovations, or of the nature of door-openers that shed a ray of tight on a previously hidden nook or
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contributions, the mn]itar. irvices have, t'f counse, produced a massive volume of lood, o.id, substantive
(though perhaps not earth-shaking) femearch. Actually, most of their research undertakings probably are of
thit nature. Obviously only a few people on the merry-go-round can catch tht btas rir4 .Within the
sub-world in which you and I live. thtre is need for unloamorous, un-spectacular, but painstking, thorough
rescarch to achieve certain objectives. Arid one must also give the miltary laboratories both an "A" for
effort and an "A" for auhievement in continually and diligently carrying out thew unsung responlibilties.
In addition, the niitary services must acknowledge responsibility for perpetrating their share of the
(unfortunate) cccasional examples of ill-conceived, poorly designed, ineptly executed restarch projects, and
of tUiose elegant, well-executed project that deal with trivial topic.

The representatives of the various services here have reported on their on-going research Progpain.
But perhaps these examples will lustrate my central point df thc moment-that, indeed, the rilitary
services have collectively served as pioneers in the field o: personnel research and isytems a.alysis and, in
addition, haw produced over the years a very extensive, respectable body of pragmatically oriented
research in thtse ballparks.

In connection with the research approach used in the various reseuch programs, it should be added
that, in the case of certain specific programs, the research efforts sort of move across the spectrum of basic
and applied research, although the direction of this shift can be either way. For exanple, in a HurnRRO
study of tactile communications, the research approach ttated from the springboard of the basic work of
Geldard and others and is mc.ing to the actual development of a communication code and haidware to
transmit electropulses to the skin. On the other hand, another HumRRO program, dcaling with
performance under stress, started at the emnircl end of the spectrum and has culminated in the
development of a theoretical formulation-namely, a conceptual model of behavAor under stress.

The wide spectrum of substantive research of the military services is, of course, not a fortity.
Rather, it is the consequence of various features that are charcteristic of the research laboratories. High on
the list of such features are the personnel of the laboratories, including both the research directors and their
staffs. Most of these individuals are persons of significant stature, ability, and dedication. Another feature
of behavioral research in the military services is the ready availability of a never-ending supply of, shall I
say, "volunteer" subjects-such as to cause other researchers to turn green with envy. Further, the subjects
frequently can be induced to return again, the next day, or the next week, for retesting or other
experimental procedures. With respect to subjects, the servikcs over the years build up extensive
longitudinal information about individuals, covering the span of recruiting, training, work experience of
various types, through termination. These data frequently are in the form of automated personnel records,
readily available for use. This career-span of data also makes it possible to have access to, or to develop,
criterion information of an intermediate or ultimate nature that is usually difficult to come by in typical
industrial or university situations. And in certain circumstances (unfortunately not all), the physical
equipment available for research is unexcelled.

Earlier I said I would be discussing some of the "rocks" in the road. Let me mention a few of them
now. Looking at the resarch activitis of the military services back over the years, there have been periods
of lack of administrative (i.e., financial) support; there have been times when an organization has worked
with an axe poised over it-and times when the axe has actually fallen; there have been times when an
organization has suffered under a new conmmnding officer with a new broom, or a commander who
perceives the activities as a lot of folderol; there have been organizational changes and reorganizutions and
re-reorgani. ations, with agencies being split assunder and scattered to the four winds or shifted to some new
(and occasionally very surprised) parent organization; there have been congressmen and newspaper
reporters who have raised questions about certain research projects, thereby by implication raising
questions about entire programs: and always the work is carried out in sian-walled building without

124



wir.dow shades, open to public view. I am not necetuarily %a) ing that the researchers in the military ervices
have morc problems than anybody, but they certainly have had their share, and I think it is dloubly
significant that the major accomplishents of the research laboratories have been achieved in the presence
of some of these kinds of problems,

This, of course, leads to the question u to the factors that have n.rtured such research activities in
the midst of thL occasional (or frequent) drought, haihstoris, changes in climate, etc. I think that this can
be attributed to various factors, but I belie that the critical factor is the fact that the reiearch programs
basically have been focused on the prmctical human problems of the rtilitaty services, and .urther, the fact
that the products of such research have been perceived as actually reducing %,.- even solvinf, at least some of
these problemL Even the frequent rocking of the boat over the years-ditressing as it may be, espeeiaily to
those in the boat-does not detract sgnificantly from the fact that personnel and systems icsearch has
effectively demonstrated to the services its virtually indispensible quality. At this point in time, I believe it
can be said with reasonable confidence that the concept of research as an essential aspect of a personnel
program or of a Pystems- development program is indeed intrinsicllty ingrained within Ole fabric of miltary
operations, It is this convicticn that lends confidence to the prospects of generally continued support of
such research by the military services.

This is not to say that there is universal and enthusiastic support for personnel research in &L' branches
and at all echelons of the services. Most of us '- "re would wish that such support would be more universal.
But basically the services are now so firmly committed, and I think rightly so, to personnel research that i,
Is inconceivable that there could be any significant backtracking. Most of us here probbly would concur in
the opinion of one general officer who has stated that there is greater payoff, dollar for dollar, from
personnel and human factors research than from the other dollars.

Looking ahead, I would envision the need for even greater dependence upon behavioral research as we
move toward niore and more complex mlitary systems.

Needless to say, then, we cannot relax in the face of the challenges of the future. Let me just suglest
a few. For example, as I implied earlier, the prospect of using computers in personnel classification and
assignment and in reassnment places an increased burden upon the personnel psychologists to come up
with valid information to crank into the computers in carrying out these operations. Computers are much
more efficient in perpetrating erfors than are people, and if people feed them ircorrect information to
begin with, the computers can be very efficient in producing wrong answers. In addition, I would envision
the development or elaboration of res-arch requirements relevant to such problems as the development of
job stm 'c ures and career ladders; total career utilization of personnel, including reassignment policies; the
development of organizational structures and military doctrine that tend to optimize the use of human
talent; the development and design of systems that are ,ptimum in terms of multiple criteria or
considerations, such as system performance per se, human abilities, training costs, personnel career
development objectives, manpower utilization considerations, etc.; and long4.range manpower procurement
policies, designed to minimize imbalances in the "flow" of manpower through the military systems. But Dr.
Wallace, the anchor man of this Symposium, will tell us about the future, using his crystal ball. My point
here is that what now appear, in a very hazy way, to be the future research requirements of the military
services, are going to provide opportunities galore for the behavioral sciences. But the extent to which
research objectives can be fulfilled depends, of course, on the constraints and boundines within which the
activities are caried out. Virtually every research effort has some sort of constraint imposed upon it; in
some circumstances these are more annoying than impeding, but in other circumstances they can be
seriously impeding. Within the existing research labor.tories of the military services these constraints, in
various situations, cover the gamut of poor physical facilities, inadequate experimental equipment, and
unfortunate personnel practice. For example, there are certain artifactual aspects of the personnel
clusification system and restrictions on promotional possibilities that tend to impose lower "ceilings" on
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research personnel than might otherwise he the calt. The occasio , changes in the prevailing
temperature-that is, the blowing hot and the blowing cold of the budgeteers on high-of course, constitute
a source of wc.,ry and concern. Obviously, one never achieves Nirvana in this world, and even the prima
donnas of the research community should not expect to be relieved of all solrces of worry, irritation, and
difficulty in carrying out their functions. However, it would seem in order for these resqonsible for
administering research undertakings at various levels to keep their antennas continually tuned in, in order to
be able to sensw those conditions and circumstances in research activiles that might signiflcantly impair
their carrying out of their functions.

In discussing personnel and systems research, I have been talking primarily about the closed iystem of
the military services as such. In generol the primary focus of the services must be in terms of their own,
requilements. But the miltary services also have a vested interest in the world about them. Research, of
course, knows no organizational bounds, and the interaction between research in and out of the military
services contibutes mutually to both sides of the fence row. This interaction is manifest in the significant
effects of military research in personnel and systems research on the civilian community. This by-product
effect in the behavioral sciences is sometlng akin to the effects of military and space research in the
physical sciences in the form of new and improved civilian products. And the military services, in turn, have
benefited from the reverse flow. In this interchange, it is to the credit of the military services that they
have, in overt ways, encouraged and promoted this interchange, such as in the research they have sponsored
in universities and elsewhere (e.g., the program of the Office of Naval Research), rTus, much of the
research carried out within the rnilitay establishment, although specifically addressed to the pragmatic
problems of the military, will also contribute gradually to the better understanding of human behavior in its
various manifestations and, thus, help to promote human welfare in general.

After these randormr musings I should somehow get myself back to the track I started on-namely, the
opportunities for research in the nlitary services. In contemplating this topic myself, I must confess to
having viewed it through a one-way mirror, namely, that of viewing the personnel and systems research
milieu from the point of view, for example, of prospective employees, such as new Ph.D.s who are
considering various employment opportunities. From this point of view I have said, and will say again, that,
considering both positive and negative valences, I think the opportunities for research within the military
services are greater than those in industry, or even in universities.

But then, all of a sudden-as with a reversible illusion such as the classic staircase-it dawned on me
that this same phrase, "the opportunities for research in tl'e rnilbry services," could also be viewed from
the point of view of the military services themselves. From such a point of view, one could pose the
question in various ways: for example, "What are the opportunities within the military services for carrying
out behavioral research that might contribute to the solution of some of their human problems?" or, "What
are the human problems, now or in the future, about which we (speaking for the military services) have
some opportunity to do something-via the behavioral research route? Have we (the military services) been
pulling answers to human problems out of thin air, or making decisions on the basis of virtually zero
information, when we could through research obtain some data that might increase significantly the
possibility of making better decisions?" Obviously my "instant insight" is old hat to the military services,
for they have of course asked themselves these questions in one form or another thousands of times, and
have answered them themselves, usually in some affirmative way; otherwise, such organizations as the PRL
would not have any birthdays to celebrate.

Although my reversible twist-of-a-phrase about "opportunities" for research really is not very clever, I
would like to say, in conclusion, that I believe it does relate to a basic verity. In particular, I believe that the
"establishment" (i.e., the military services) and the research personnel of the laboratories have the same
resonant frequency-that there is sort of a coincidence or unity of mutual objectives that has been a source
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of research vitality and productivity over many years. On the one hand, any ,eseaich psychologist who) geL
Ivis kicks out of dealing with the hard, knotty, difficult, practicai problems of the real world can Find the
problemi and the opportunities to work on them in tht military services, And Un the other hand. the
military services can facilitate the solution t, ' uman problems by being alert to the opportunities to bring
f mparch 4pprnJches to hear upon them when such action will likely cuntdbute Information th!t is reteafnt
to their decizion-nuking proceus.
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RESEARCH INTO ACTION

Robert E. Murphy
Aeropce Medical Divison

Department of the Air Force

Twerrty.five years ago, over my objections and those of my
C'onmmander. I was transferred tramn ine ntat and orderly life of an
infantry sergeant. where I at least felt as if[I knew what I was doing
moist of (fie time, to San Antonio. Te.,xas and Uic considerable
confusion attendant t(, setting up a pywchological testing unit. The
basis of this transfer was that 1, enroui- it) a degree inI history, had
takon a course or two in elementary psychology,. Within a week after
reporting for duty, I was given a one-hour oin-the-job training course
aird assigitcd as the numncorussiorred offhcor iii charpe of group
testing. If you think I am exaggerating the confusion, let inc tell you
Of just one incident. ULah day, two hundred men were march ed up

* to an orprr bay testing huilding where they were seated in
alphabetical order and givetn a day-long session oft group tests. This

* two hundred-man group had not designation-there were no
rosteri-just if bunch of boys chosen from the cadet "pool. One
morning. after I had beco in cliarge fat about a week, nobody appeared for testing, arid I ciallcd Major

*Robe-rt Rock to report the missing men. lie advised fil that there %%,s a little delay in) get -ing the men out
of the pool, but that my) two hundred nien would be along in a lew minutes. About five minutes later, as

*predicted, abut two hundred men, with a corporal in charge, came duwn the strce[ toward myt) buildingv. I
stopped diacni in front of' thfe building, went throughr the usual procedurc ut tilig ihei n110 theirt pla(ces in
alphabetical order, -and then started the Testing. About two 1hours later, a very bcwrldecied Lt Colonel peered
into the window, his face rcgistoring disbelief'. then futy. fie eailed nit outside and, after bracing life
properly, told ine that lte 'len being tested were not aviation cadet cindidaitc a; all Iliad intercepted his

* group of enlisted men who were imarchting down to the railroad siding for shipment to KeeSler Held. I hO
train had dcparted with all their baggage and records. Incidentally. I have never found out if thfe men aid
their paraphernalia ever got together. It was a turning point in my life, however. for inmediatcly I decided
that it was an appropriate time for me it) apply for Officer Candidate: SdiMo.

InI discussing the topic which was suggested for fix, "Research Into Action," I d-, not Intend to draw
any tine line.% between basic arnd applied research and the category of technical development. With reg.-rd to
(fht PersonnelI PeC1ell LbOratory, it is of ten difficult to trace the Lahoriior> pmodirCt% back to Ite
origial idea% of individuals responsible. The pJ)Yof0f i't Air Fo'rce have resulted troim the idea% ind
elfls of mnany people over, solitinicss, !,i pridN kit LU IIiiuinfl retInerentIIS.

Many of you who have been assuciated with tis LAboratory remetriber the aninual ptogitar ti evic .it

higher0 ha~dquarters when ife ''draw tne" ho> s would ask, "How is what oni ptnipusc toi do in %i i
research p rograin going roihelp tire A itr~ cdiisjb'Wa the payol III in ue ns *t, wc atl % Ii el
can twe taken'."' Thoe' ate goord 41,10ti01ts which requlied asking but wieNoII0) lu~toJiswerit.1 tlle
link-, Now let us cover a low years III retrospect aid see if we c~ui now an%%er sometWtit thie -p.i>ol ttiii
action tluiestionsi which were difficult to answr a tew ~cars ago.



In the middle fifties, Joe Ward, Bob oittenberg, John Merck, and Frank Ford were pushing a
program of itathematical model development. The contepts were abstract and not of apparent relevance to
prohleriis which existed at the time in the management of the Air Force Personnel System. It was pointed
out that such mo, els tu the extent that they simulated a personn~l system, if only in part, might provide
inform* i useful to perwinnel or manpower planners, There was Sam difference of opinion at the time as
to whether te effort represented something the Air Force should support or merely a "hobby shop" to
satisfy the interests of a few %clentists. In any event, the research continued to receive the support of those
n managemnent who rccoiunz~ed that instant usefulness ha s not always been the best criterion by which to

judge a research project.

One 4 th intercitl et tim was in the Markov chain and Its application to prtsonnel mpvment
frot one state o category to anuthcr. This resulted in the Personnel Flow Model which appeared to have
real potential if one were able to ret good estimates of the transitional probabilities of muvement from one
state to others (I). At this point, it was clear that personnel records, though accurately reflecting the
current state of individuals, were deficient in a longitudinal respect. Therefore, it % -as net.essary to
immediately start a file on Air Force personnel which could be continuously updated so as to provide a
means by which transitional probabilities could be empirically determined. The usefulness of the model and
the data file were first demonstrated in 1963, when a requirement was established by the Air Force to
project or forecast the characteristics of the officer force through the 1967 time period, assuming, of
course, that conditions and policies of 1963 remained stable. Based on only limited probability figures
accumulated since 1961, the model was used and the projections were forwarded to Headquarters USAF,
Followup studies indicated that the projections were very acceptable. It was then evident that this model,
with some refinement and improved data files, had great potential for providing information to personnel
planners,

The tollowing year. late 1964, the Air Force was considering possible changes in the promotion
polici, to hasten airman promotions within established grade ceilings. Information was needed on the flow
of airmen throigh the top six grades under current policies and proj.ct.d Into the future. "Project Top
Flow" was initiatel in the Personnel Research Laboratory to meet this need. Employing the Personnel
Flow Model and an improved data base, the characteristics of the airman promotion force were projected
over the following five years. From these projections, it was found that the promotional situmstion would
improve under existing policies, and predictions were made as to when improvements would occur. As it
turned out, this information was a major input into the decision not to change then existing airman
promotion policies.

The usefulness of the flow model has been established now as a powerful instrument for use tn
personnel planning, and it has been used to accomplish a number of special studies for various Air Force
agnc!e. Jut r 'ently tho Air Fnr-e haq estahlished a t',ufmement for a study of "aieer medical officer
retention. In the requirement, it was specifically requested that the flow model be used to provide a means
for understanding personne; input and outflow, as wU as to permit a more empirical b2.e than presently
exists for planning purposes.

An important "peewofr" of this research has been the usefulness of the transitional probabilities
themselves, and the Laboratory has responded to many requests for special studies for the analysis of
retentior; rates, cross-training rates, retirement trends, and replacement rates for overseas areas. This
research has also pointed up the need for bctter longitudinal files on Air Force personnel, and the
characteristics of specifications for such files are now being studied,

In the early fifties, there was misch Interest on the part of a number of people in the Personnel
Research Labm atory in the application of regression analysis to the solution of Air Force personnel
problems. At the sare time, there was a special interest in developing techniques for optimizing the

I110



assignment of Air Force personnel. Out of thene two interetat grew two m-odels: the "assignment mnodel"
and the "policy- capturing model" (2. 3; 4; 5). The assinment modal requires a Judgmnent as to how well an
individual with a set of known characteristics fits a job with a set of known requirements. Then giveni I
group of people and a nwnbter or jobs, it is possile to assign people to jobs to "s tr optimize the

sintUof the total group. The usefulness of the moidel was limited by the r'uiriber of Judipneiits
remtited in anty xrscawA &ltuation. This Ui-nitation led to tht devt1opscnt of the "policy-capturing model."
This model ixa qwital c-se of the regression modiel which, on a sarmpling; basis, derives in equation which
closely approximate& the relitive wtll~hti of variables used by a panel of judges in assigning people to jobs.
With tho policy of the Judgei thus "captured" and programmed for the coinputer, it ippesed feasible to
autonate assignment procedures. The feasbility of automnated assignonns was tested last year, 1965, whenI
on an exper-imental'basis for a sizable sample of airmen, computer assigrnenti, were compared with the
thidjinroal asitgrnent procc~fii. The results were envouiging anid, orier me refinements, a further
weries of tests was run last July and August when four grups of approximately 3,000 airmen at Lackland
Air Force Base were computer. assigned to satisfy weekly requirements for technical schools and direct
duty asignments. The weights used in the model were those obtained from a sample of 400 airmen actually
assigned by career counselors of the Personnel Processing Squadron. The computer assignments were
checked against actual assignments of the same ainnen by coifeer counselors and reviewed by experts in the
Personnel Processing Squadron. The sustlts were so enicouraging; that computer assiments have been
requested by the Personnel Processing Squadron and are being provided on a weekly basis as a major input
into asignmrent procedurfes. I should mention here that the computer r~ssrgnmrents take into account the
preferences expressed by the abirmn fut assignment weighted as the counselors weight the preferences,
which by the way, is quite heavy. The model has, of course, limitations in assigning special cases and Cot
special fields. Currently, the initial assigrnment procedures for airmen at Lacklcnd are being modified so as
to take advanitage of the computer assistance which can be provided by the assigniment model.

The policy-capturing model, which was originally developed to support or reduce the limitations of
the assignment model, has become a most useful tool in pe rtitting i? new look at some old problems~ in the
peisonnel and rmpower fields.

In 1963, the Director of Manpower and Organization, Headquarters USAF, establised a requirement
for a study of the officer grade structure of the Air Force. He pointed out that grade distributions
traditionally have been based on the judgments of operating officials, manpower officers, and the broad
guidanc contained in the Ali Force mual which concerns manpower policies, procedures, and criteria.
He requested the assistance of the Personnel Research Laboratory in an Analysis if grade requirements
based on actual job requiremntsi. Dr. Raymond Christal and his associates. in considering various
approaches. deAided that the polkcy-capturing model would be an 3ppropriate means of providing this new
look at )fficer grade distributions (6). To implement the necessary procedures, detailed descriptions ofI' 3,575 actuil Air Force officer jobs for every caneer utilization field were prepared. A board of 22 colonels.
chaired by a general officer, was assmbled in Washington. The board's task was to assign to each job what
it considered to be an appropriate grade. Not fewer than five board members independently rated eavh job
with very high agreement. An equation was developed which reflected the policy of this board, predicting
its judgments with a validity of .92. This equation was then applied to the assessment of some 130,000
officer joLs in the Air Force and an appropriate grade distribution determined, based on the policy of the
criterion board. The Director of NMarpow .r and Organization, Headquarters USAF, at the time stated in a
letter, "in this particular era of United States National Defense, this project in my opinion, is of first
importance."

The mathematical models built, refined, and tested in the "hobby shops' of the Laboratory during
the last ten years have had substantial payoffs in terms of providing inputs to decision makers for specific
actions. The payoffs or ipplications certainly were not apparent, nor could they be conceived of at the time
the research was initiated. One of my colleagues, a Texani. puts it ihis way. "lIn research, the situation for



the scientist is much like that of drilling for oil. You don't know whether you are four feet away from a
million dollars or a million feet away from four dollars, Only time will tell!"

In the late 1950's and early 1960's, considerable concern was expressed over the rather high incidence
of airmen discharged for unsuitability. The problem wa felt to be particularly acute in certain areas, for
instance, the nuclear weapons and inteiligence career fields. For some years before this tim, Dr, Eli Flyer
of the Personnel Research Laboratory had been catying on research to identify variables predkitive of
unsuitability discharges (7). He found, for example, that high school graduates had much lower
unsuitability discharge rates than did nongraduates at all levels of aptitude. These findings were taken into
account in establishing airman enlistment standards. This research pointed up the need for further
information in areas which was not available in the records and which could be obtained reliably at a
reasonable cost, It was found that pre-service adjustment factors which were relevant to assignment to
high-risk jobs could be identified from infurmaion supplied in pre-asignment self reports and from reports
by parents, teachers, and employers, Procedures for obtaining thtse reports were developed and the
feasibility of obtaining them on a systematic basis was established. A direct outgrowth of this effort is the
Assessment Branch of the Personnel Processing Squadron on Lackland Air Force base. Ltablished in
January 1966, th.; organization screens some 17,000 new recruits annually for assignment to sensitive
career areas, implementing in a fully operational sense the procedures and techniques developed in the
Personnel Research Laboratory.

As an Air Force offier who has spent most of his career in the administration or management of
some aspect of the Air Force psychological research program, I have been constantly kept aware of the
need to demonstrate the usefulness or application of our research products to the solution of real Air Force
problems. While I recognize the requirement for continuing critical reviews of programs, and appreciate the
need to place manpower and dollar resources in support of programs which have the greatest payoff for the
Air Force, I must confess that there have been times in the past when I have felt as if i, and indeed the
research program, had been placed on trial,

I feel that it is a tribute to the courage, the dedication, and just plain hard work of those now in the
Laboratory and those of you who have been formerly associated with the Laboratory that the research

program of the Personnel Research Laboratory is no longer on trial. Its contributions are recognized; its
pioducts at., in demavd; the support provided by higher headquarters is strong. In this healthy atmosphere.
I look forward to the nexlt twenty-five years of even greater productivity and sincerely hope that you will
invite me to spe3k on the same subject on your Fiftieth Anniversary.
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THE CONCEPT OF A PERSONNEL SYSTEM

Launor F. Carter
Systemn Development Corporatio. i

F Inrduto
I I fect honored to hve been asked to participait in this -

I ~Twenty-fifth Anniversary Symposium on Personnel Research andi

Systems Advanceent. The continuous activities in personnel

research and operations of the Air Force Personnc.l Research
Laborator) h.r a period of twenty-five years is a great tribute to
the many people who have served so well at this important personnel
research center. As Chairman of the Psychology and Social Sciences
Panel of the Air Force Scientific Advisory Board, I have been asked
by Dr. Guy Stever, the Chairman of :he Board, to express his and
the Board's congratulations on the accomplishments of the
Personnel Research Laboratory over this long period of time and to
wish it continuing success in its endeavor to serve the Air Force,

It is particularly appropriate that the preceding piper in this
symposium was given by Dr. John Flanagan. since it was he, more
than anyone else, whose great energy and devotion to the concepts
of personnel research and the operational application of research findings led to the very valuable
achievements of the World War II Aviation Psycholog> Program and to the solid base on which the furtherI work of this laboratory was able to build. Although many of us who were associated with that early
program have gone on to other activities in civilian life, I am sure we all look back on the period o our
association in the Air Force Aviation Psychology Program as one of the most productive and useful periods
of our lives. We owe much to John Flanagan for having so vigorously and roresightfully led this truly
revolutionary application of psychological principles to pioblems in personnel management.

The committee organizing this symposium assigned me the title "The Concept of a Personnel
System." In some ways this is a very fortunate title selection, since had I been left to my own devices, I
might well have chosen a much narrower and more limited topic. I wojld probably have only talked about
the possible application of advanced information processing in personnel research and operations, but these
topics are being well handled by other speakers of the symposium, and the broader topic of personnel
systems gives me the opportunity to range widely,

First, I would like to present some personal thoughts regarding problems of personnel management in
the military service. I do this with some trepidation, since I wish to examine some deeply held beliefs
regarding the proper philosophy of personnel management in the military services. I hope that as. I do so
you will appreciate that I raise these questions only because I believe that their consideration ,nd
evaluation would benefit the Air Force, both in terms of the efficiency of its operation and its ultimate
capability as a fighting force.

My second topic is more closely germane to the narrower conception of a peisonnel system. ltere. I
will consider some implications of modern infomiation handling technology for the management of an
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individualized personnel system. My general thesis is that the new developments In information processing
technology allow personnel management to resolve one of the long-standing problems regarding the
centralization and decentralization of personnel management, and at last to make (lie benefits of both
possible through the efficitent management of personnel information,

Finaily, I will turn to an examination of problems in utilizing research and advanced development in
operating systems. I believe this problem to be of great general significance, not only m tho personnel area,
but throughout the military temarch and development establishment, as Well as in lndhltrial anid university
institutions.

Somde General Couideratlom RegpdrinI Penonnel Management in
the Military Services

In the last decade we have seen more and more emphasis on rationalizing management systems. This
applies to weapon systems, to industrial organizations, to personnel systems, or, indeed, to any large
organization. We are all familiar with the emphasis on system analysis, cost effectiveness, programs-plans
and budgets, and the alleged decision making by computer. As individuals we would like to biieve that we
behave sensibly and that our decisions are made in the light of rational considerations. I want to suggest
that in the military, and particularly in the military personnel system, because of complex competing for.es
many actions are required which appear at the individual level to be based on relatively irrational grounds.
At least these actions often appear to be less than optimal when viewed from the point of view of the
individual involved or even from the point of view of u given set of major objectives. I would contend that
in the management of military personnel there are unusual factors which determine that the management of
the personnel system cannot be completely rational. I refer to a number of imposed constraints which seem
to be more prevalent in military personnel management than they are in many other situations, Most of us
in small organizations try to operate our personnel system witthn relatively well-understood procedures.
Since we are in organizations where there is considerable individual control over the practices of the
organizations, it often appears that our personnel practices are relatively well thought out and executed. On
the other hand, in a military personnei aystern there are competing forces such as the various laws which
govern the way in which nmilitary pervimncl must be treated with regard t, pay, promotion. retirement, and

--- utilization' likewise thefr are m - organized groups which bring pressurt directly on the military
personnel management system and indirectly through Congress and other governing organizations. In
addition to thcse factors, there are the shifting role requirements for military personnel, During most of
their military careers, military personnel are engaged in activities directed toward training and managing the
military establishment, but not in active fighting, and yet for certain periods during the last half century,
many military men have been called upon to engage in actual fighting. This creates a very difficult
personnel management situation if for no other reason than the relative age distribution of the personnel
involved.

We are all familiar with the distortions that took place in the distribution in various grades and ages of
military personnel as a result of the integration of large numbers of officers immediately following World
War II. These humps in age result in a grade distribution that becomes distorted, and the ability of officers
in various ranks and age categories no longer fit the requirements of the various organizational jobs within
the Air Force. This situation is about to repeat itself again because of the very radical age distribution
change that is taking place within the American population. In a penetrating analysis of this problem, Peter
Drucker (I) has recently said, "We face in this country one of the most dramatic shifts in age structure of
the population any country has ever gone through. The age group that is now moving into the 20- to
25-year bracket is about 60 per cent larger than the age group just ahead of it, which is about the biggest
jump in any five-year group we have ever gont: through. In the meantime the people in the 35- to 55-year
group will get fewer, not only in total percentages of the work force ad population, but in actual numbers.
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For the next fifteen years we will have fewer people of what most of us consider the prime-of-life than we
have today. Or to put it statistically, within a year or two, maybe three, one-half of the American
ppulation will be under 25 years of age. About 29 is the 2a/eralg e day, and a four-year drop in three years
is almnost unheard of. By the mid-seventies at least two-thirds and perhaps three-quarters of the American

population will be undet 33. Thk is the yountest we havt bccn sin"e Andit* Jackgon and, at the same

govern basice military personnel policies.

Another factor which makes military personnel management cxtentely difficult is that the military is
expected to play many national roles in its management of personnel. If the single problem facing the
military personnel manager were the creation of a highly effective fighting force, he would certainly have ill
easier problem than he has when he is expected also to serve the tole of one of the major educational
institutions in the country. Recently Mr. McNamnara, in announcing the prugramn to induct 100,000
Category IV men,* stated that this don was taken as a service to the nation, to be accomplished by
training underprivileged persons so that they could assume a more productive role on the national scene.
While this goal is undoubtedly laudatory from a broad national point of view, from the narrower
perspective of the military personnr manager, this decision Clearly complicates Wis management problems.
As was well demonstrated in some c. the Army's Fighter Studies, with which I Was associated, the better
men, both from the point of view of their ighting ability and from the point of view of their ease of
management, are those with higher degrees of education, intelligence, and personal2 adjustment. The
intfveundteefcinprtion of thetmglitary personnel manpowuner pool Th hic ht ole main pol itath

pinucve ndteefcin prtion of Catemioitary personnel runswe Counte toTecochta ol e ma romt af tueyhei~
above is to emphasize that the problems facing the military personnel manager tend to be mote difficult
than those of his counterpart in the civilian economy, and that criticism of his management is often less
thn justified when these additional constraints are taken into consideration.

I would like to turn next to some basic assumptions regarding the proper role and management of
military personnel. In many ways. I heitate to even discuss this subject, since l am sure most of you will
disagree with the comments I am about to make. Yet, I believe t1,.six consideration is fundamental to the
optimum rationahization-of-military personnel management.-Eveii though current practices are based onl
long tradition and acceptance by most of those in the military service, I believe it would he useful to
re-examnine from time ic, timte sonie or the most fundamentally held ideas regarding tire proper role of
military personnel. I do not suggest that these comments afford answers to the questions I wAil raise, but
rather I would like to open up a dialogue regarding these subjects and to suggest that they be mnadc subject
to serious study and system analysis in an effort to improve the overall quality and ability of thme Air Force

The frst concept which I would like to consider is the conctt of the fungibility of military officers.
I was first irmroduced to the concept of the fungibiiity of miitary personnel in I1W4I when, as a civilian, I
was employed by the Army's Adjutant General's office in rie developmient of selection procedures. The
underlying idea of fungibility is that a military officer is able to fill any role which is aippropriate to an
officer in the miltary service. The dictionary defines fmngbiflly as "die designation of goods, as grain. any
unit or part of which can replace another unit, as in discharging a debt; capable of being used in plice of

Cmmeemorv IV inducteesa re th~ose who~ have s~cored at tow a*ptitude trvcI'. om ti,, Arrv-t I rtt Q-11 Ilip~
Test amidor have. limited i--;ic~tl inade~uatcie-i.



I
another." As I have indicated, in 1941 the Army held as a fundaental tenet that any officer was fungible
in that he could take on the role of any other officer. By and large, this concept has been becoming more
and more untenable as the functions of officers in the Air Force, and in the Army, too, become more
technical. It is obvious that a non-rated officer cannot take over the role nt a pilot, but it is generally
assumed that a pilot Can take over almost any other role if he has had a small amount of training. I would
argue that, as the various jobs being performed in the rmlitary become more and mote specialized and
tecuical, the concept or funlibility becomes more of an inhibiting philosophy than it do*s one which is
useful as a personnel man ement concept.

Sone Will argue that this concept it no longer really followed in the military service, and yet I behee
that it is. in fact. one of the fundamental concepta underlying much military personnel mugment, Just
before his retirement, I was discussing this matter wt h General Schriever. We were discussing the fact that
a number of officer billets in the various Systems Command divisions were senously undermanned and that I
oficera whu ]iad .pcnt rnaity yeu inl the 3)atuuib Cutiaulijd -ere ei.e drined 9"v to ;Vietnamese
effort. They were being used in ways which did not take advantge of their long experience in the Systems
Command divisions and, for some, an extensive and expensive education in preparation for roles in system I
management and development, While General Schijever regretted the depleted manning of his divisions, be,
went on to argue that this was reially appropriate since an officer always had to be prepared to join any
active engagement and although the education and training of these officers was not being used in Vietnam,
they had a fundamental obligation to fill their fighting role as a pat of the military. One might find this
argument more acceptable if, in fact, many of the officers kcavin the Systems Command were still on
active flying status and could be used as combat pilots- but I suspect that, in fact, most of them are leaving
the Systems Command to fill billets where they will not be used in an active fighting capacity but, rather, in
connection with the many support activities that must be up,,ertaken in a military situation. I would raise
the question as to whether or not it would have been bettei to recognize the higly specialized nature of
the jobs being filled in the Systems Command and also thL specialized nature of the jobi that would be
required in the case of an operation such as that in Vietnam and to have planned the military careeri of
each individual officer in terms of the relatively specific requirements in these two different types of
situations. This is a particularly difficult point to argue at a une when we are engaged in such an extensive
military operation, and yet I feel it is during such periods that it is most profitable to examine the actual
performance of personnel who have been brought up in a period where for the last twenty years there have _

previously been only about two years of actual military engagement. In other words, I am suggesting that
- there should now be an intensive personnel research effort to assess the ability of personnel who havc been

matured under a concept of fungibility and peacetime military management. Such an assessment should
focus on the extent to which the personnel involved in active conflict are, indeed, able to shift from one
type of military role to a different one as dermanded by wartime operations.

The second major assumption I think should be examined is the general assumption that every
member of the military is fundamentally a fighting man. Almos, without exception when I have discussed
such matters with senior military personnel, I have found them uying that every member of the military
must be prepared to engage in active combat and that this is his fundamental duty. In some broad moral
sense I do not disagree with this position, but as a pratical matter, it does not seam to me to be an
assumption which leads to effective management of a fighting organization. Studies have repeatedly shown
that a relatively small number, not more than 5 or 10 per cent, of military personnel ever become involved
in actual combat. It seems to me that this fact should be recognized and that personnel management
concepts should be fashioned around the inevitable fact that most military personnel will be involved in

General Bernard Schriever. then Commander of Air Force Systems Command.
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duties which ate In support of the icitial combat fighter. I should Immediately make it cleat that I arts not
suggesting that the role of the military man as a fighter should he downgraded, Indeed. if anything, I think
it should be upgraded and that very special treatmenit and spcial rewards should go to thoie who actually
engage in true combat operations; but, at the uiie time. I would like to sugeti that the military
management of the 90 to 95 pet cent of military personinel who will not engage in combat should be based
on dlffcrent assumptions and practices than apply to the Wriall pruportion who do. In fact. enage in
cuatbat. Again, I would suggest that during a time of conflict, the porfurmance of non-cornbut personnel
should bc actvey assessed and question shnuld be raised as to whiethe tir pst training and job
assignment have been such as to fit thenm for the dutiet which must be filled in the suppot of combat.

t Used on such studies the manpower, training, anid 3141511.1iW1 policiel Of the military service should be
modified to optimize the effectivencs4 of the service during periods of combat.

Next, I would like to turn to the difficult subject of the proper relationship and management of

hhee maaement antion manamptole of ude vct eornl an of he otefajourstaff posiutins ideedt
mostpeole wrkSAFI an obsrventzato there tso civan whoi has eter thug adpyie of staffo ha

asd oed liks toughav the hopportnit togaizan, fon can feind veryio fnoew ciiianst whositeihes of"
deoraneiions, or ventono brache aame t oiioh civilian wilbcfudw omassntnt tof he heladrfy

msabloren cognfton btbylntiio the civilian emlse dihteineie fact othaity to rach hs to a woild
rg ue n thatwihi thise henomen ca nosiudtion Als all rmear com an hea inarte airel s

aeelonsewjrs Uonandi rv Wthds ther sn civil who aspie oavaer beniept he mlstafory
elthsmento mstio deie thatheille ontn wth advrelativelay loited ter orsfsions ndteen,I~~~ togsores toug the pohe civlan- orgressaion, oe c i alashver ae ila offhe as hedsate

ni~o hrae aways beu tr by tapetpradotio thatiilaiene a thepvrtiy to tahe Wltapy establm d
arsu tha his sapere oyendai acat e sere is u alop of ciilajos acomd wiheadurtersasltlso
ashosurn beo rjrcrsadIther wloimat -hecivilian whiystln n otrludror aosieuto a aee inthe mmiliary
udrnt this t dechdeo ofa sele clonten ihvr o feainltds cmpeter miipryogrou and this ve
mthogarim op sprad dowo the chvas of coman and swil poswtis hrog a numbe olr of lays beforte

asyh siniiant nuerayadhsascas.Tiunl of civilians appears win responsibleltlo pof'ios

It can be argued that the military establishmenrt is primarily for military operations and tht military
personnel should be responsible for thoue operations which are directed toward combat operatuons It will
further be argued that in a military setting the militry man shoulid have the highest dexr-e of curem
possibilities available to him, that is to say, to rds fronm the l1~s ranks to the positilon of 0e f of staff.
My basic problem is not in diaagitreement with tis point in view. Indeed, I believe that tho irallwiy man
shol be able to look forward to a career in which progressIon to the highet level is possible, but, at the
same time, I believe the civilian thouild be able to look towardis career in the militatry establishmnt which
also allows him to progres to the highest level, except for those operationss whilch are partilcularly
associated with military operations leading towd combat, that is to may, the chief ot staff and the
deputy chief of staff for operations and trainin and for plas and programs. It is not izmisedlately apparent
why the deputy chief of staff for personnel or the comptroller or the deputy chief of staff for research and
dwlopment could not be a civilian providing he had clarly outstanding qualifaations. Lest my argument
be misunderstood, I should state that my concern for the caireer pattern of the cMiviain is not because of any



P311101141 Preference fin the civilian over the military officer but, father, because ot my belief that by the
present strict limitatlotsI Oil civilian career opportunities, the better Civilian personnel art almost forced to
kCAVV the olilitafy 04ilblifdanet 1o fuliflllt of theilr career aspirtions, It an able civilian cnite' the
mitlitary service, hie soon findta that hit direction 2nd career progfetson is cir cumscribed and that he will
hayv' difricully inl achieving a 11141 lYVel of afuthority atid iv~punisility, Thus, in his uwn self-interest& he
trnd~t in leave the service. This I% a serious lois to the military tstabiahnst and tresulls in less than
optimum perforrfaice ffoni civilian Personnel. Parenthetically, I should say that there are some dedicated
civilians who, because of their patriotism Ind general sympathy with the ifitar "fipltlan0, prefel to
guey wilt ihe mrilitary service at considerable sacrifice to themselves, but tht number of such people is
llitlt, and no% orgAniation should want to base the quality of its perhonnel an such a degree of deotion,
In self-iterest the military estabh~ment should want to muke it possble fr the civiliati to propes a
well as fut the tniltry it' P pOlr".

5onse or you will recognize that the aboye discuttion is consistent with positionls I have taken for
some tirm. In 1960 the Alt Force Scientific Advitsory Board formed a Committee on In-huse Ulabotatories,
raf which I was a member, acid, indeed, the establishment or the Ali Force Systems Commafid Research and
Technology Dn~ivson wa milgcscd ill t114t ieport. We argued that in the limited srea involving research
laboratories It was important to give the civilian engineer or scientist an opportunity to rism to the head ot
not only his laboratory but to the head of the research and advanced technology orgaisaution. This
suggestion has been partially followed under General Demler's direction, and there is now one civilian who
is head of an R&D laboratory, although it should be noted that even lie rose in responsibility as a military
officer. That attracting personnel Is still a serious problem was emphasized recently by General LNemler in
"Missile/Spacc Daily" (September 219, 1966, p. 136),

"SYSTEMS COMMAND WAGES CAMPAIGN
TO RtECRUIT MORE SCENTISTS AND ENGINEERS

"That the Ai Force is bent un luring mote identifi and engineering talent Into its ranks, either as
mlitAry or civilian personnel, Is quite evident fromn retnarks by Mai.Gen. Martin C. Denjier, Commander of
the Reseatth andi lechnolwgy t"rIsion of Aiz Force tymerm, C ommand.

"Sipeaking before a Joint Engincerints Management (onferenice In Wushlngton, D,, this %evk, Dtmlet
- - alkcdJaboutservke!-lsjc-ffoxis-that~golye, emklntafiy, uamount to a futi-scaic canpili-to make the_

Air Ilorce as atitrac and worthwhile an employtr ns Industry, If not more so....

"Various strategies havw a common objective-to secure for the Air Force Its share of thne wientilk and
eninevring crop a.% it hecoes available and then to ensure that this force as a whole stays at the front of
tft hnlolgicl advancement.

"S~ystems Commnd aloe has more than 10,0N scientsts and enigineems assigned today, nearly hair or
them with the Rewiah and Technology Division, but as t)erntr pointcd ouit, the present shortage of
technlcally trained young people is such that there are not ensoughi or them to replace yesterday*% leadens, let

While young scientists tend to be devoted to the laboratory bench, many of them, as they grow
older, be~omne involved at an introductory level in administration and policy direction; as such, they need
the opport unity to be able to rise to a high level of responsibility or they will Seek this opportunity outside
of tho military serice. The pointing to a few exceptions is not a sufficient answer to counter the fact that
miany able people have left the laboratories and then have risen to positions of significant importance in
industrial organitations. Again, I would soy that as a matter of self-interest the military establishment
should see to it that the career opportunities for civilians are equal to those for the military.



1-inarlly, let mec CliPh.15i~v tiist the qucstioiv. prod here ire !r1 ed with !!!, thoogjli! thit tht 0ilad
he inieeltgated carefully. It it nail eniough that they be debated it a cnfetctnce cnt inye'tagaed h' 11
Committee, Rather, iy'sreM 21al2YiR arid prrwntel research esperts should devote their time to netgtir
the.e queitions. Sitcb Inveifgtivii nhould be spiniv~red of the highe't level in the Ali 1"ree %11 iliaftle
Investigators C-11 be msuted of tile ability ii miakIng thorough, comnprelsensive itinvetillations and Also Ne
assured that their wtilts will have (lhe attentionl of pulky-tnakerr at tiles highest level.

Son* Implicatioam of In~trin lri adlint foir tndividustlihSl
Pensaw Acioft

iind rianrfieit wt the o", h"n, a4d mi Itiv 4her haWi, tOw deee~nd-tal 4i tf it4W4u I" ti
Allhougli Ow desire to tkceultralrac P~tmollrl Kl.ioll isi OIten idvcated, it is, esxtrcmely diffic~ult to do wo
unless there are easy and rapid communicailon channels betwe tile policy 2nd inanagettent echelons and
the actlor-taking echelons. Becaiaw these conmffunkcAtin 010111n0l% arc %) frca~luetl> blocked or a1e

lia ma~de it roqiliF io achieve a level ot hiith centraliza tion arid dcertisiationi. whiczh *~'at #,, rsiblv

I would like to introduce this iubject by (eiting a true story involving the lte Wilter Van Dyke
Binghatml Dr. Binghtam was. one of the earl) psychologists who serswd ii. Wor-ld Wir I and helped devehip
the old Army Alpha arid beta tents. lIn World War 11, Di. Hinghim wa% called back to the Adjutant General's
office as the chief civilian advisor on selection arid classiflcation. Many ofu )~ yung fellow5 tendied ft look
on Dr. Bingham as a somewhat elderly gentleman who. while unduubtedly wis lit ite lore of tvstine. wis
not really quite up on the latest techniques. In thuse days, Elcanlor Roosevelt Wrote a nlewspaper Coili
called "My Day." Early in World War If. slie publikbcd a column tit which shc: talked about the poorf
piactie va' the Army in assigning and classifying its personnel. She cited thet casw of a brilliaivt .asimg
lawyer with whom slit Was acquaintled, who had been Inducted arid. according to her, cimpleilN
misassliied into a machinists' training organintalion for which she said hie wak totally un~fit. In artild
way, she took the Army to task for its bad performance in assigning personnel. flit% article gaii.
distressed Dr. Bingharn arid he felt that Mrs. Roosevelt was uninfornied regarding tile work of the Adjutant

T Gtnee4 Office. and partkuLaily the-Pesoiel ResearcIL-Sctjun. &CAUse D. Binghiain had %At imAny
acquaintances fromt his World War I days, het was able to call onl Franccs Peikint, %kho at that ltne %j%
Secretary oif Ullbr, and suggest to her that Mrs, Roosevelt might like to know more ihtrut Arm) peninifnei
practiccs. Mrts, l'erkis asured Dr. binghiani that Mrts, Roosevelt certaint) would, and she acted is
intermediary to iinvite %irs. Rocisceeh to the Adjutant Gencrahas Office. I reneitiber tine day when Mrns,
Roosevelt arrived, and Dr. Bingham eseorted her into our Itmporary building anid e~plaincd what we %%ere
doing and the efforts being made to develop tests and prorcedures to assure lte proper asm~gifelimet And
utilization of personnel. Generals hovered about, slnd Dr. Dinghini waN at lii gentlemanly NAt A few days
later M.rs. Roosevelt wrote another "My Day- colunin, in which she priked lte Armly arnd talked about lte
excellent effort! being led by Dr. Hinghamn arid his psychologist*. Now. either fortunately or unfortunately.
boit of her aticles, in my opinion, had a considerable degree of truth to thems While we % hsat ere
trying very hard to devise sound clasifficaiion itethod%. the Arnly also had quotas fur many different kind.%
of aisignments and training schools. Thewe assigianients had it) be mrade in accordmauce with schedules anid

a since induction stations were scattered thiroughimt thet country arid training Aa% likewise scattered mnya
pilaces, the best cacti local assignment officer could do was, to fulfill thet a-snmgntrseitlie hmoat at a parttiulir
time. As a result many inductees were mnalasignjed. Today ti s ii no lnger nceeessar .ccaume %4e hive
abundant, high-speed commnrurivaltun and thle possibility ofl transinittin1g inforomat m. through netted
Comprster-based pervilnel systems.
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the Air Force should take great pride in its leadershlp in the development of a cumputer-baed t
military personnel system, Within the last few yearl, at Randolph AFN there hai been established the *
MllitaAV Pert.onel Center. where the recordt tire kept in dftil fotim and handled thtcuo conputcr-bascd
s1,1ems. I hclleve thi% is such al impottint development that its nature should not go unnoticed at this
conference, and therefore I take the. liberty of desribing the Personnel Data System operate4 by the
Military Persr nnul Center.'

Peitunnel operatlimn ar conducted by three levels of the Ali Forte, These are USAF Headquarters,
the major commartd', of which there art 20, and the consolidated base petonnel ocflce, which are located
at ome 270 tkik throthteou the wvrld.

I

The lkadquarter4 personitel operation is divided teoraphically and functional, ("nm tw p cups.
The Military Peritsonel Center (MPK), Randolph AF, is responsible for the desin and 'intenwne of the
Personnel Data System and for fulfidllng the personnel functions of assinments, promotion%, feparation6,
and ietitemmnts fot officers and L-8 and &,9 enhlsted petronnel.

At the Pentagon the personnel functions of plsnrinrg budge"t, anid predicting for Air Forco.wide
personnel resources are carried out. The Directorate of Personnel Planning is the principal user ofAlt Force
personnel management information and is also the focal point for analyzing such information for use by Air
Force and DoD agencies. The Assistant for Personnel Systems and his staff comprise the responsible agency
in the Headquau rs for iong-range personnel system requirements and planning, and significantly augmetl
the capability of the Headquatters in conducting analytic studles.

An offlice known as the Management Information Office is establi6hed at most major commands and
Is the ibaieface point between the Perurnnel Data System and the functional area users. The Management
Information Offic is re.poisible for maintenance, processing, distribution, and analysis of data contained
in the Personnel Data System for Officers and the Interim Personnel Data System for Airmen.

The personnel organization at the bait level is standard throughout the Air Force, with the manning
level at the Consolidated Base Personnel OTkie varying with the number of base personnel being srviced. It
is responsible for maintenance, processing, and distribution of data in the personnel system. It also provides
the interface between the Personnel Data System for officer and alrmen personnel operations.

The trad"lionl separation of military personnel functions has been reflected in the creation of a
two-part automated data system, the Personnel Data System for Officers (PDSO) and the Personnel Data
System for Airmen (PDSA). These systems rective data from the Mitary Personnel Center, Ute major

commands. and the Consolidated Base Personnel Offices the majority ordata being introduced at the base
level, The users of personnel data are also located at thee three echelons and receive products from the
system for use in accomplishing their management and personnel operations tasks. Almost the only uw of

personnel data by Air Force alcncies in the Pentagon Is for management purposes; at the other levels more
use of the data is made for opertional than for management purposes; but both are necessary.

The present officer personnel data system evolved frora a model tinplemented in 1963. This
prototyp provided the operational experience and preliminary data base necessary for implementing an
improved model. The present system uses computer procesing at the Miltary Personnel Center and the

Furher injirm"iA.ji .' ,ceening the P)eroriniri Dats ySsem is contAined, in the pru',ent*tion by Captain
(rorxvl' ' H. Wl',lther un *"TrmoRh~rini
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major connuds and punchedcad equipment at the baw. At each echelon a different kind of coapilfei
capabiltY 1, uled for pemmi~c data ,ulcnLanl. Thc UiltayPrwICuiihs un.t4sto~e
Burroughs 5500 computer complex which currently incluues eihti tape drives, 25 disc fifrs, a "rd reader, a
high-speed printer, and six modu.es of nmory, each of which contains 409% -words." Ten 0, the mnm
commands have Honeywell S 200 computer ,ystens, while Air Force L4li6E" Cknumand uses an IBM

7080, The remaining nine major commands are croamervicd by other major commands with Honeywell
F computers. The bises have ma even greater diversity of equipment which includes punched-card socountiS

machines, IBM 870s, 1401s 14 los, and Burroughs 263s.

The Personnel Data System for Officetr was designed and implemented to prcesis personnel data on
some I J5,O00 Air Forc offloes Some or the chuactertsitcs of the system art;

A larer daua base with staidaudized data ekment&

Ue of dsc Mils at the MIC.

A remote inquiry capability at the MPC.
Standardized computer program for procesinl data within and between echelons,
Standardized computer programs for inquiry purposes.
Standardized procedures for processing data.
Standiudized hardware at the Major Commands

Due to the limited capability of the baes, the data for the system have been specified in terms of
80-column cards. The Uniform Officer Record includes ten basic cards and, in addition, the system requires
slx transaction cads and eight types of miscellaneous cards,

t
The information in the data base falls into thte fotlowing three groups.

Im~putlaft Transmctien InMIm01wiM Miuelleneous Infatmatln

Sttenth Data PDS Availability Data (.rid Spread Summary
Ot(anixottunal Data A;ce &sion/.evy/Aiot;at ion NjrmeS-ervice No. (hinge
Ser, ice DatA
Asmsipunent Data Reassignment 1tequent MAC Addi-mts
Availability )ata Projected Promtion Personnel Accounting S~rmhol
Education Data Projected Separmaion MPC LULaI l)ata SerieS
tient Data Prnlected Integration .MAC t.ocat t)at.a
Aeronautical Data (IlPO l.ocal 1).,ci

Rated Quatiicntinn Data CIMIO Su,,pterise ).itc.
Rated History Data
Previous Duty Diatt
Currernt/Pievious Duty Title

main purpose of PDSO is to asist the functional managers at the Pentagon, the Military
Persomute Center, the major commands, and the banes in carrying out their specific missions. Included in
these functional areas are officer assignments, retirements, promotions. separations, and, to a limited
degee, personnel analyses. In addition, such items as the monitoring of flying status, regular appointments,
and selection for in-service schools are considered part of the personnel missions, In general, the system has
been designed to bring about improvements in (I) availability of timely, accurate, and compatible data, (2)
assignment actions. (3) personnel accounting, (4) notification of individual moves, (5) the selection process,
and (6) stability in the personnel force, so that the most suitable men for the available jobs may be sclected
at minimal cost.I 14:,



Tile rctmel data system descrihed ah0V: is a very important step frward i' e expeditious and
efficient hanbdling o~f individuals within general management polic:ies, but there arc other developments
which pro mise to make such syclenrs even nllore u.=eful in file assignment anod career manaigemtent aspects ofr
personn-fl a'ctions. Recently at Sy'stem Developaent Corporation, we have beer working on an automa ted

counseling systeb While thie work has e.en oriented toward the public school situation, it is easy to we
that it could be easily adapted to the military counseling and assignment environment.

In analyzing the ,idvisory and counseling behaviors of people engaged in these functions in public
schools, it has hben shown that a major portion of their time is spent in processing routine information and
in giving out repetitive informatiun. Re-earch financed with the assistance of the U. S. Office of Education
has led to the uevelopment of a computer-based counseling system that will, among other things, conduct
an auturriatcd couriselitg initervie%. The University of O~regcm anid te Palo Alto School Diatrit cooperated

with SDC in the initiu, research. A program was developed to record the prc-interview behavior and
nteview interactionrs of an experienced high school counselor with a number of ninth grade students.

Analysis of the rec',rdir.gs indicated that between 70 and 9O per zent of the counselor's behavior could be
automatically hindled. A model of the counselor's decision rules, both in appraising a student's records and
his behavior in the j terview, were defined for simulhtion on a computer.

Two programs were written: one to review the student's record and provide the counselor with an

appraisal automatically, and another to conduct an automated interview with the student. The automaned
portion of the interview sys.emn operates as follows:

The student sits at a computer-linked teletype and receives a logic3lly developed sequence of
interview questions. For example, after a number of interactions, the computer may print the following

question o. the student's teletype: DO YOU PLAN TO CONTINUE YOUR F7ORMAL EDUCATION
BEYOND HIGH SCHOOL" If the student typei "NO," the next question he will receive on this typewriter
might be: WHICH OF THESE l MOST LIKE WHAT YOU PLAN ON DOING AFTER HIGH SCHOOL:
(I) JOIN A MILITARY SERVIC E; (2) GO THROUGH VOCATIONAL JOO mRAINING:(3) ENTER AN
APPRENTICLSIlP; (4) GET A JOB; (5) DECIDE LATER. After the stLudent selects one of the a~ternatives
the computer then asks an appropriaie question to continue high school schedule planning,

The selection of each question depends both on the student's previous answers and on the
information about him that has been previously stored in die machine. After a number of questions and
answers, the interview will terninate in a schedule of suggested courses that is uniquely tr ired to that
student. Thus, ,.udents will be aided in selecting their subjects by ansv ering a series of questions presented
by the computer. This system should ,elieve the counselor of much routine work and at the same time be
sufficiently sensitive it) extraordinary responses so that the student needing expert help will be directed to
the counselor for individual attention.

To help the counselor in preparation for either ais autornated or li'c interview, programs hav been

written which use the same rules as an experienced counselor in analyzing the information in the student's
cvtamlative folder. This program was designed to simulate a specific conselor who wa, asked to "think
aioud" as he analyzed twenty student Lumulative folders prior to counseling interviews, Analysis showed

that most of the pre.interview logic, as well as the interview itself, is specifiable and capable of being

programmed. The pre.Interview progr,"'i accepts data similar to that which is normally found in the

cumulative folder, such as grades, aptitude test scores, and biographical information. By making varicus

compaitsons of these data, the program prints messages for the counselor which a': unique for each

student, Messages regarding different students might be.



1. Student's grades Lawc gone down quite a hit. A~k about this in interview. Possibly thecre are
pePrsonai polrttVSn.

2 This student should be W2tched closely. tie will probably need remedial courses.
3. Student is a pojtent ial dropout.

!Should be headed for college. Encourage student to explore widely in academic arcas.
5. Low counseling priority. No pwoblcems apparent.

0. Student should improve verbal skills. If no', student may not be able to attain desired academnic

In continuing thle application or information processing techinology mn vocational counseling under
field conditions, our study team is now in the process of cimductiitg anl extensive survey of vocational
education installations, including ,late employment agencies and private and municipal vocational guidance
projects. When the survey is comnpletcd, a sample field bite will be selected for a detailed analysis of
counsehfng procedures. and then a computer-based man-machine counseling system will he developed by a
teamn that will include the counselors rat the selected field site,

1V.e comipter-based system will have a data base contlaining student information, with an
input-output s)ystemn for updating and retrieving iwformauion. Computer programs in the system will provide
appraisals of student data, interviewing procedures, tracking of studentl performance, and iteitification of
students who arc experiencing difficulty (2).

The possibilities of adapting such an atlomated counseling and assignment programn to thc military
establishmicnt has been enhanced by recent advances in computer time-sharing systems anid computer
networking technology. it is only within (tie last two years that there hav'e been large practical time-sharimtG
systemts, and even now the experience with time-shared computer networks is not as extensive as would be
desired. Nevertheless, the technical capability is clearly cxistent for an Air Force-wide applicatic.n (if the

* kind of piogrami we are working on f,)r the school systems. It should he possible for a military counselor to
sit at a consoic at Lackland, or at Travis, or at Westover, or at any other appropriate base arid be able to
query the data base at Randolph, either at the Military Personnel Center or at the Headquarters Air
Training Command regarding possible assignumotis for a counselec.0 Voi some ten yeats now, the air
delemise network has beent based on computer-t conpul er communications. with data rezeis'ed at rcmnotc
ridais ',iing transmitted through digitat lines ito 'ral computer, being processed, reported ito a higher
echeclon at the division, and from there reported ' AD headquarters. Since it is technically possible to
achieve this sort of coordination f -or air defense, it si uld it, luinly be both possible and desirable to) do the
saine for the Air Force's; most imipotanft feSOue. i0% personel.

The Problenm of Utili .ng Personnel Research and Dev elopments

There is a growing concern regarding the organizationtal arid operational practices which will result in
hetter throughput from :esearch ito development to use. President Johoson ha3S recently asked Secretary
Gardner (Health. Education, and Weltare) to examine the activities of' the National lmmitutes of Health to
wee it' there are adequate efforts ito bring their research programs to fruition in medical practiec. SimilarT
concern is expressed regardin2 physical science programs.
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For some time I hive been studying this problem as it relates to the behavioral sciences, and recently
the Joint Economic Committee of Congress reprinted one of my studies in this area (3). While there is
concern regarding throughput prtblems in hardware engineering, there should he double concern in social

,nd behavioral engineering, Developments in the physical sciences are resisted because of expense,
reliability, and technical compatibility factors, and also because of user resistance springing from habit and
the threat of disiption. In trying to engineer changes in the behavioral and social area, the diffiulties of
innovation and resistance are much greater-and rightly so. Significant changes in such areas as education.
personnel practices, and work organization are met with resistance for two major reasons. First, such
changes intimately affect the lives of individuals, and most of us are very cautious in accepting some new
way which may disrupt our usual life patterns. The second reason is related to the first: namely, that for
many social and behavioral changes it is somewhat uncertain as to exactly what effect the proposed change
will have. It is difficult to build the first experimental prototype to see if it will work in the population at
large,

Thus, those of us in the behavioral and social sciences have a greater problem and corresponding I
responsibility to see that our research and advanced developments are, indeed, exploited in actual practice.
In examining a number of studies I have concluded that the following points need to be obstrved in helping
achieve a proper transition from research to development to use.

I. We have begun to realize the special importance of the innovator and leader in transitioning from
research to application. There are many successful research people who develop theories and demonstrate
their validity, but then do not carry their application forward. In these instances the fruitfulness and utility

of the idea become lost until some person picks it up later in connection with some new project.

2. The organization which is willing to try something new mur" be supported by a climate of
encouragement and reasonable permissiveness which is set at the top. This climate must make it possible for
staff to challenge existing practices and must reward those who are willing to try innovation as an
instrument of improvement.Ii

3. In large organizations, there are frequently procedural and organizational difficulties relative to the
transition from research to development and to application. Often these functions are assigned to different
major divisions of an organization on the theory that wieas developed in research will be picked up by a
different group of people who will transform these ideas into an advanced development that will in turn be
applied in some other part of the organization. It appears that considerable management and organizational
flexibility is required, along with much crossing of organizational lines and management hierarchy, to carry
forth successful developments.

4. Similarly, with respect to finding, large organization,, and particularly the Government, are

constrained to develop budgets and administer funds under fairly rigorous financial procedures. However,
this tends to inhibit the needed flexibility for developmer't f new research. Studies indicate that the funds
used for various research and development activities often did not come from the logically expectedbudgetary category. Rather, the leaders of new developments tend to find their funds wherever they can

and to have little regard for formal funding authority. While In" is disruptive of both management
responsibility and neat accounting practices, it may well be o:,e of the prices to be paid for effective
research and development activities.

5. Another area critical to the application of new knowledge has to co with communication. From
the evidence we have it would appeat that the furm.l publication of new findings does not by any means
assure that the results will be expeditiously transla'.ed into a useful development. Rather the indications are
that informal communication is by all odds the most important method or technique for transmitting ideas
ffon one environment into a different one.
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6. Perhaps more important, however, is the requirement that innovations must be given credible
,' monstrations in the sense that they must be demonstrations in the ordinary operational setting, carried

out by regular personnel and not by specialists who come into the operational situation and then leave.

It is generally acknowledged that the Bell Telephone Laboratories ar among the most zucccszful
laboratories in industry with respect Ito both batic rtsetaieh And in helping the Bell system with its tec.hnical
coniunnicat ions problems, Jack Motion (4) has ably described their operational and organizational
philosophy in in article tied "From Research to Technology." This article is replete with insights :
regardig industrial research management. I believe his most importnt poits were:

I. First, each scientist and engineer must have some clear goals which are related to the organization's
goals. Morton says, "A major corporate goal came down to a narrow area of relevant science. I have told
this story to show the importance of tight integration in the system: Everybody must know what the
overall goal is, so that within each man's area he can look for those solutions which are most relevant to the
goal....But what is required? Take the rubber products engineer, What is the first thing he must know? He
must know what the president of his company thinks is important: What are the goals? And why? And
what does the vice president think is important, and so on down the line. Until he knows, he is in no
position to choose which thing, from a range of things, he should do. This is the way ') build a machine-an
organization-which will allow information to flow and individual judgments to be i.tde. The man must
know, whatever his level, what the important goals are. And he must know not only that the buss said it
was so, but why." It is the responsibility of management to set goals-goals which are neither so general as
to be platitudinous nor so specific as to stifle initiative.

2. Physical space and organizational space are important determiners of the effectiveness of research
throughput. If the research organization is both geographically and organizationally isolated from the using
organization, throughput is very difficult. But it is also unwise to be too close. If there is a geographic
separation there should be an organizational tie, and if there is organizational separation there should be a
geographic tic. Morton says, "When we studied our machine as a system, one thing we began to understand
was that it was bad to have both an organizational barrier and a space barrier between development and
manufacturing. Together, these barriers make communication too difficult, and one has problems in
transferring new scientific developments into new technology. So we built a space bond between the
laboratory and manufacturing: We actually moved our developnient-and-design-for-manufacture-group-a
Bell Labs group-into a laboratory on the Western premises. Organizationally, they belong to the laboratory.
But physically, they are linked to Western. And now we know we should never have a space barrier and an
organizational barrier on top of one another. We use organizational and spatial links in complementary
relations-wherever we have a space barrier we also have an organizational bond, and vice versa. This gives us
an integrated design.

3. There must be an organization concerned with relating goals, research, development, and use. It is
not enough that goals be clearly stated or that there be physical and organizational closeness. There must be
a separate entity concerned with seeing that throughput occurs. In the Bell Telephone Laboratories there is
a special system engineering group which cuts across basic research, applied research, development and
design, into the actual manufacture in the Western Electiic Company. Morton says:

"[There is) a separate laboratory called Systems Engineering. It is not a line function. About 500
* people are involved here, under an executive vice president, Ken McKay. What does McKay do? What is the

function of Systems Engineering? By training and practice he is a physicist. By further experience, he is an
excellent engineer as well. In Systems Engineering, he is concerned with economics and sociology, as well as
with physics and engineerinp. One of his jobs is to build a bridge between the Laboratories and AT&T

headquarters and the operating companies, and to be alert to needs and problems.
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"kcausc he is part of Bell Labs, McKay is also in touch with scientific-technical developments. From
tile synapse of these he can draw a plan for a proposed system. His study will say: It we succeed in doing
the following, this new system will provide x milliois of new revenue per year, or it will Save x millions per
yea. is people will also take invcntory ul all the technolhVy needed for succes of the new system.
Lange-ale developments a e not undertaken without knowledge of missing critical capabilities, Systems
Engineerinra m are ,ot udeen u egy yaear.

"But McKay does not tell Baker Ithe vice president for research) he must do specific research, nor
does lie (ell In to0 give hint a specific gadget. He does tell us what is needed and what the pririties are,
because the purpme of Systems Engineering is to provide overall guidance for research and development in
terms of corporate needs. Systems people are in constant touch with all groups and the realities of their
needs and possibilites-uperating company, loiig lines, reiaarch. This is the way we form our synapsc , But
the choice of exploratory projects in research is the responsibility of research people and their management,
for te the best decision given the fact that they know the needs, Each man, whatever his level,
takes the cverall goal. translates it into the goals for his range of science and technology, then makes his
choice of relevance in those terms."

It would appear that the Air Force might profit from giving serious consideration to the three point4
mentioned above, as they relate to both personnel and training. It would be wise to considzr whether or not

p the goals of personnel and training are spelled out in suffi,:ient detail by higher echelons so that research,
development, and operating organizations will all have the same goals in mind aid be able to point toward
the achievement of these objectives. For some time I have been concerned with regard to both the
geographical separation and the organizational separation of Air Force research activities in personnel and
training as they related to the operating commands. Both the Personnel Research Laboratory and the
laboratory responsible for training research are a part of the Air Force Systems Command, which is

't , organizationally separated from both the Military Personnel Center and the Air Force Training Command.
This separation may be wise if there is close geographic proxinity between the organizations doing research
and the operating organizations. I have the impression that this close relationship has not generally existed;
however, I speculate as to whether or not it would be desirable for training research and personnel research
to he on the same geographic base with the using organization; if geographic separation must be
maintained, then closer organizational identity needs to be established. I believe it would be appropriate for
an operations research group to study research throughput in this area. being sure that in such an analysis
members-of both the research -components -ind the operating cwms:ponents -make up a-part of the study

team,

Finally, it does not appear that the Air Force has appropriate organizational entities to perform the
systems engineering function described in Morton's article. It may be that in hardware development, there
are adcquale organizations in terms of the various AFSC divisiuns and their related systems project office
organizations. but in the area of personnel anti training, there does not seem to be an organization whose
major purpose is to see that goals are stated and are recognizdJ by research and development organizations
as well as by the operating user, and to act as an active feedback and liaison mechanism in this area. This is
not a function which can be adequately performed by a small headquarters organization. It is significant
that in the Bell Laboratories as many as SOU professional people are engaged in the systems engineering
activity. It seems that in the Air Force a new organizational invention is required, and I would suggest to
Headquarters LISAF that this is a high priority item in their effort to achieve maximum utilization in the
research-t)-development.to.-use cycle.

Conclusions

As I think back to 14)41 when I had my first association with military personnel activities and
contrast the philosophies of military personnel operations of that time with those of today. I believe that
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&geat advances have been made. The resources avilable in the military services have been very great and
have :lowed them to exploit much of the latest technology and latest th!nking in per no . management,
However, there ate still many problenu which need to be solved. These problems range from basic
examinations of the philosophy of personnel management to the implementation of some of the more
advanced information processing technologies. I stroney suaeot that the investigation of the problem% I
have outlined above deserves support by the highest levels of the Air Force and that the careful analysis and
study of these problems by a permanent staff of operations researchers and system analysits should result in
the formulation of new programs which would result in an even more effective Air Force.
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XVl

IMPROVING EFFICIENCY IN THE USE OF MANPOWER RESOURCES

Jack W. Carlson'

I appreciate the invitaliun 10 present a paper on the o.casion

of the Silver Anniversary of the Personnel Research Laboratory,
Many of the alumni and current member of the Laboratory are
attending this conference and must justifiably feel a sense of
accomplishment for what the Laboratory has now become,

The challenge of the Laboratory today is to remain dynamic,
Members of the scientific community are forecasting a doubling of
presently accumulated technical knowledge within the next 25
years. While tho Laborator) -nd p itipant% in ahti bympolum
celebrate the accomplishments of the past. they should realize that
the world of manpower analysis is rapidly changing.

My purpose is to Identify ireas for analysis and improvement
in the management of manpower resources in both the Department
of Defense (DoD) and the Air Force. First, the objectives of the

Department of Defense are considered in relationship to our national goal. Brief consideration is then given
to the appropriate mix of machine-power and manpower followed by a discussion of some approaches for
Identifying the most efficient mix of manpower sklls. Poliies which influence the actual flow of persrnel
are evaluated in terms of their impact on attracting, retaining, and motivating each skiln-type required, In
the final saction, I have commented on the nature and magnitude of manpower research in the Air Force.

One conclusion is clear: the Department of Defense and the Air Forc are ouni moderarellr efftd'il.t
and effectie in the use of their personneL It is equally clear that sienfican hinprvemnets can he 'nade,
From incomplete analysis, it is reasonable to assert that a few Lnportant improvements could reduce
manpower expenditures by more than $2 billion a year for the same level of perform,"nce, or DoD could
benefit from a marked Increase in personnel performance with no reduction in cost. t
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National Securty and other National Goals

As in economit, I am naturally concerned with l'ocating res)urces amon! competing claim% on a
basis [f least costs. Although there arc a few resources that are relatively "free," such ab the Air we breathe
and the water we drink, most resources are scarce. (Even thou that were once free are becoming scrce.
eg., clean air.)

These resouiies jue distibuted on dit bais of the wllinness and ability of each individual to
purchase them (demand) and the corresponding availability of each (supply). The actual matching of these
two fForces, demand and supply, is called a price, or the trade.olf of one good for other goods. While prices
arr often automatically detenmined In tiw prtm sector of ox economy. they me ot twayt atWioica ly
available in the public sector. Instead, the Government must deliberately compute prices ("shadow prices").
The Ingredient that is lacking is not usually the supply cost-although at times computed incortectly-but
father, the demand. In the private sector, demand is expressed automatically by "dollat votes" of
consumers willing and able to purchase goods, In the public sector, Government demand for goods and
services comes from national gols which are given expresion through the media of the ballot box,
demonstrations, and legal proctdings.

Several attempts have been made to forecast the future goals and objectives of Americans. The
National Planning AtiuciLtio: has recently enumerated and costed one set ofiloals.2 Their analysis shows,
first, that the cost of achieving even a modest array oi goals fax exceeds the ability or the economy to pay
for them. Therefore, tiade-offs between higly desirable goals must be made, Second. the achievement of
even a lower level of these Ioals means that we must fouow policies that sustain the economy at a high level
of economic growth. Third, there are a variety of public goods demanded by Americans in addition to
national defense. Some of these are urban development, social welfare, improvements in the quality of our
environment, and better health and education.

The Department of Defense fits into the achievement of these American loals by (a) providing the
primary focal point for national security and (b) by way of a byproduct, contributing in the achievement of
other national oalL Obviously, if the Deparhmnt of Defense can help raise the kll level of disadvantaged
Americans while fulfilling it, primary ga of national security at litile or no additional cost, then it should.
In this way DOD can achieve foreign policy objectives whW simultttnwuly eyeloping skills for economic
growth and reducing poverty. This is extremely important now because total Federal expenditures for
nondefense purposes have had to be cut to reduce pressures on prices and provide more funds for the war in
Vietnam. In fiscal rear 1967, expenditures subject to immediate Presidential control are estimated to be
S23 billion or less, while DOD expenditures are estimated to be $70 billion or more,4 and expenditures
not subject to immediate Presidential control are estimated to be S31.5 billion or more (e.g., Veterans'
pe sions, farm price supports).5 Under these conditions other worthwhile objectives suffer unless they an
be achieved within the Department of Defense budget of over S70 billion.

Le n.rd A. l.echt, (,.ads, fIntruities, arid il'/ars, The Neot I)ruadv. , New York.- The Free Press, 1966.
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fltowever, we are not surt of the total impact of Defense expenditures an the Nation's manpower
resoureas sod thut on boii national security and other goals. Nor do we know what the teal increases in
cost and lower leweis or effectiveness wre to Defense by including programs to simultaneously achieve
Ilefense objctives and other flatiumi~l goals. Thecrort, as a first step towards reducing our Ignlorance, a
study should be initiated to masure mor- adequately the impact of weve expenditurum &nth economy
throughi withdrawing. disciplining, training, educating, and discharlinS men. Then other studies should
follow to determine most intellillntly the extent that Dol) should assIlt further in schieving other national

Manpwotir Cods an Rvquktfemn

Once the national ob)ectives or the Department of Defense are deterined, the Department must
then combine men, equipmrent, and facilities af the least cost. Alternatives should he explored to
accomplish vanous levels of achievement. Unfortunately, the Departinent haa traditionally concentrated its
planning activities on the basis of weapons systems, with less regard for manpower resurces. This has

ac~m n sieo h fact hat rougly $0blon or one-hlf or the Defense Budget is spent for military
and civilian compensation and training costs, With over one4ilf of Defense expenditures immied~ately
dependent on effective use of manpower resources, lDoD should give this area at least as much analysis as
that given to the development of weapons systems.

After arriving at a rough approximation of the proper mix of manpower and machine-power, further
j adjustments must consier the "qualities" or chatacterIstics of personnel in relationship to each current and

future job. to makes a difference if mrIitary and civilian personnel have achieved differing "quality levels"
based on higher plateaus of education, skills, and experience. It matters both in terms of performance and
costs

Each Servic and the Office of the Secretary of Defense now separate, the development of mantpower
requirements (demnd) and the actual management of the flow of personnel (supply). In both cases, costs
are usually excluded or understated.

Nuimerous Wnommatlo systems covering- Portions of manpower resource in each of the Services and -4 the Office ol the Secretary of Defense have never been effectively integrated. A data system which exits
for costs Is completely separated from the data for manpower requirements, In addition, there Is another
describing the characteristics of personnel actually on active duty. Furthermore, to add to the confusion.
there is only a pritnitive Air Force or [lfense-wide data system for civilian personnel.

One of the few crude bridges in this gap is the development of personnel "cost factors" which usually
reflect only current budget costs They do not include us-knd benefits such as dependent medical care or
future cash payments such as retirement or "insurance" paymentc for disability. There is no costing of
personnel as they flow through career patterns. including expenditures for training, education, orientation,
and relative levels of performance. Consequently each Service has practically no Lifiimation as ito the cot
of each personnel type. One reason for this situation is the difficulty of developing this kind of data in the
present structure of the Plan nlng.Programmiing-Budg t Ing System. Apparently no at tempt has been madc to

* develop data for a Personnel System,

The first attempt in the Department of Defense to develop even crude total personnel costs factors
was conducted during 1966 in the "civllianization" studies (Project MIXFIX). Even this seemingly obvious
step was incomplete, and only the Air Force attempted to rlate costs to each type of skilled personnel
affected by civlllanizatlon of the military force. In the future, both average costs and thosec costs lissociated
with adding a few individuals to an on-going activity (marginal costs) should be developed.



Cost can be computed for each type of skiled nksource baned upon occupatton (Or speclalty),
educational level, major acadlemic (id (for recently graduated pettionnel), experience, mental capabilities
(e. APOT, AFOQT). physical attributes (e.g., eyesight), risk acceptance levels, and other usefulI
charactetistics (or fewer). For examnple, the cost for an M.D A. statistician, educated at the expense or the
Department of Defense, with 3 years In the field and 10 years on bctive duty, who Is adept lit quantitative
aualy".s and who seeks to avoid risk-takinif is different from the cost of a B.S. physical education major
with I ymz as a mantticnat offlacr and 5 ycarn aictive duty, who ft low an verba anid quantitative
capability, who has 10:20 visin imd who wiets H rind Is a p"hi. There h a difference bet*etn in
experienced en#Umee In the Civil Service and an Initeiestced officer returtting from the Engineering
School at t Air Force tnstitute of Technolov. In addition. theme arm differeces in both the efeetnes
and substitutability of differfent individuals with differeat characteristict.

In setting manpower requiremmnts, these cost and performance differences should not be Ignoared.
Manpower requirements are now set with only the mot indirect consideration of costa. Boards of officers
or distingluished individuals decide what the educational level should be for entire militAry occupations, orI
each supervisor i asked to specify personnel qualities needed for each job under his jurisdiction. Skill levels
are therefore not directly related to cost not are they constrained by increases in costs. Boards of omlers
and supervisurs quite naturally prefer more highly trained persoinnel, irrespective of the job. Nor ate cost
considerations forced an higher levl declaionqmak~rs. At the highest levels, increases in Defenseappropriations are e#&$W to obtain; in addition. the draft guarantee a flow of skilled! personnel who are
paid at less tha civian market wages. Although the draft does not assist the recruitment of Civil Service

persprne, the fact o~f easily obtainable Defernse dollar creates a bias toward specifying high-skill levelsIwithin the civilian component of DoD. The average distulbutlon or trades among military officers in 1951
*as 0-3.0 (Captain) and was 0.3.1 (or essentially the sam) in 1964. Enlisted grades ciept from E-3.6
(between Corpoal and Staff Sergeant) in 1951 to &3.9 (nearly Staff Sergeant) In 1964. DurInif the sam
period the average CivilServlce grades rose rapidly from GS-5.3 (1951) to GS-.A (1964). While the Military

the MMue Civil Service escalated grade levels to accompi th stutue remannn

An obvious exaimple of over-Investmnent Is found in the requirement tht al pilots have bxlureate
degrees or hjghr, There is no indication that officers with bac"Ialaweate degres do better in purely flying
aaapmr-nts than those without baccalaureate degrees. Currently (July 1, 1966). 183 plaht on flying status
hold doctor's degrees, and 4,5C6 have earned master's degrees. Many other officers with advanced degrees

tided~w personnel with irh schouLdilomas and college training are doing menl military taks which
are well below their capabilitis.

The overstatement of requirements for each personnel type has resulted in each Service maintaining
an unnecessarily large -educatil and training program. Yet, the graduates of the programs which dtvelop
the highest skills are not likely to stay in the military beyond the period of time that they are obligated to
serve because the overstatement of requirements results in their being aissigned jobs which to them are
unchalinpng (in addition, current personnel poticies fall to encourage either retention or motivation as
discussed below). The Services consequently Aind themnselves in the wasteful position of educating anid
traiining two or more mien when only one may have been adequaie, if the requiremnent had not been
overstated. There are anaslytical methods which can reduce the likelihood of either understating or
overstating manpower requirements.

Manpower requirements can be determined by treating each organization as a producer of services or
products for other organIzations. What is necessary Is an Identifiable service or product and the manpower
inputs. Each skill type (broadly deruted) has a different and measurable impact on the output of each
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organization. The Mms is true for various combinations of skill types, Assuming the trade-off between
machine-power and manpower is made, 6 then the output measure of each organiration can be identified.
For example, a win# which supports sad operstes -52% or F-lQ0s mlght be measured by Operstlonal
Readinem Indices such s number of sorties flown/ number of aircraft assigned, number or successful
malons/number of aircraft comrmitted, number of aircraft In commnission each daylnumber of aitcraft
flyilg houts, and avefrsg time required for the turn-around of aircraft.

In t m cams. qt measures wil have to be used because sone outputs do not lend temelves
to easy quanltificationl, Inl the case of a resea~rch organiza'tion such as the Personnel Research Lazbortory,
merely countn the number of repots or peps in reports eah year compared with the number of

profesional staff memben employed to produce them is Inadequate, Some reasure of the quality of the
work is newmry,

All military organizations (e4, squadrons, wings) with sinilar missions or outputs and with similar
equipment can be evaluated as to variations in the mix of skl types; one mix of skill types may tend to
ahieve higher leves of performance-as for e;Amnple measured by the Operationsl Readiness Indices. The
rations in sill types could be nmde to identify personnlf types (baed on education, experience,

training. aptitudes, etc.) which an associated with higler levels of performance. The cost (compensation,
training, variations in nunber of working days, etc.) of each group of pernnel or skill type could be
attached to its appaent product'lvty. The direction of change in the skill-mix, for each type of organization
can be revealed by this procesas. The decision to chamng is easy if the costs of two skill types ae the same,
but one typically peffornm better in relationship to the organization's mission. If the cost of the higher
performer is also larger, however, the choke is more difficult and the decision-maker must judge if the
incese in performance is worth the irease in cost.

In contrast to the organizationaJ approach, requirements can be determined by studying each existing
job and how it is related to other Jobs. The elements making up each job can be identified. Each group of
factors dhus compiled for each job can then be identified with personnel types. Then the irequireerrts of an
entire organization can be determined by summing the personnel types for each job. Care must be exercised
to recognize the interdependence of jobs within a military unit. This approach looks at the problem from
the small or element of each job, and then adds up the elements for each job requirement, hence applying
this to al the jobs in an organization.

The organiutional approach identifies the more productive organizations and the personnel types
making for the geater effectivenes. Then more of the productive types are substituted for the less effective
personnel types under the cost constraint until the best mix is achieved; this becomes the orgmnzational
requirement including requirements for each job,

The process of detemining requirements should be repeated regularly to be consistent with the
dynunk chanoes in DoD. Both of the above processes will greatly assist in reducing the misstatement of
mnpower requirements and possible ovef-investment in personnel skills.

In addition. rot only the demand for personnel types changes, but the supply of each personnel type

chans. For example, the quality of instruction provided by schools and colleges has increased
dramatically during the put decade. This is reflected in the 3.2 per cent (trend) increase in productivity per
nw~oux, of which sorne studies show severihts can be explained by education, training, and other

This to a simplifying assumption. The relutive cobt and effectiveness cf personnel type% will impict

an the deepening and broadening f machine power, but this is not included in the discussion that follows.
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causes of tcchnological change. Over 50 per cent ou' ",e growth of Gross National Product has been 4
attributed to this source. 7 Under these growth conditions, tluw Department of Defense is found w.Piting. In 4

many areas, Jon' or organIzational requirements have not been reevaluated for 10 ),ears and longer. This
means jobs that .ncc required a college degree might now require a high school degree, but the former
requirement still exists. The net result of lagging behind the dynamics of the real world s even greater and
conti.aually increasing the military', overstatement of require;nents fo;• each job. This naiurally leads to an
unsatisfied man perfornng in his job at only one-half or two-thids of his capability. He becomes -
discouraged and dissatisfied, waiting for the day he .tan return to an environment in civilian life %.tch will
allow him to use his full capabilities and which will reward him for this.

Penonnel Policies ard Rearch

Personnel policies must be modified to attract, retain, and motivate the flow of personnel types
required for the Defense mission. It is not erough to look at the mix this yea, or next, but the mix mu!st be
examined for several years. Therefore, recruitment, disciplining, training, educating, and discharging should
be evaluated as an integrated personnel system with all the techniques associated with systems analysis. The
objectives of this should be to match the flow of personnel types to the requirements of each job.
Alternative personnel policies and practices should be e" siiated to determine those which attract, retain.
and motivate each personnel type to meet adequately each job requirement at the lowest costs, If DoD
objectives include assitting disadvantaged young men (Category lVs), thei the costs and effectiveness may
vary accordingly.

During iio. past few years, each Service has generally attempted to retain any and all personnel who
would stay. "this is true almost without exception for servicemen who had completed mc:e than th,!ir initial
obligation. Fortunately, this policy has been successful in providing the total number of people needed.
Prior to the buildup in Vietnam, June 30, 1964, the Ar Force, for example, had ,tated requirements that i
55 per cent of their total force should he career personnel. The Air Force achieved 54 per cent career
personnel, or 98 per cent of its goal. But, the individuals who accepted career status wele not usually the:
ones the Air Force needed to fil the more technical jobs identified for career servicemen. For example,
during the last fiuA years, 31 per cent of all eligible first-term Motor Vehicle Operators. Management
Engineering Specialists, Packaging Experts, and Information Helpers agreed to accept career status in the - -

Air Force. Only 6 per cent of ihe Defense Missile Guidance Mechanics, Ballistic Missile Launch Repairmen,
and Instrument Repair Technicians accepted career status. A sinilar pattern appeared among officer
personnel. Sixty-three per cent of the nonrated personnel in the Operations Occupatioral Group remained
beyond the sixth year whlv only 28 per cent of the Civi! Engineering Occupational Group stayed.

The loss must be measured h )di reduced rerformance from inadequately trained or insufficiently
experienced personnel and increaseu training and processing costs due to higher turnover of people. The A
trair:ing of a Defense Missile Guidance Mechanic costs about S 10,000 and requires 255 training days, while 'A
the Motor Vehicle Operator costs only S1,000 and requires 75 days.3 The loss of the Missile Guidance

7 ste Edward Denison, Tbe touces of Econom;ns Growth in the United Stagt.s, Committee for ECooomic
Growth, 1962; J. Kendrick, Productivity Trends in t/e United tarps. National Bureau of Economic Research,
It.l1; and Robert Solow, "Technical Chan.e and the Aggcgate Prod,ici.,n Function," Review of Uwovjonics
u.id Statistics, 1957.

Secrt.-. McNajnara' t ar',uony beis -e the Cornmittee on A.mcd Fort.cs. House of Reprcsentatives,

June 7, 1965.
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Mechanic is ten times greatel In money and over three times more costly in time. If the retention rate for
botll skill areas is desired to be the ,jime at, say 18 per cent, then the Departiment of Defense could pay up
to S6,000 in cash to eah mechapic while maintaining the current pay of the vehicle operator and disallow
reenlistment of tfxcessive dri.er. or pay the vehicle operators less so as to retain only ig per cent of the
drivers, and pay the mecian.cs something greater than $6,000 additional,

Shortcomings of tite pers"nnel system in the past need not plague the Services in the future. There
are sveral pers)nnel policies that can and do assist in provin' the required mix of skilled personnel.

First, the draft is of trempAdous assistance to each Service in providing personnel in both the
nurncrs, and skills requircd, at lower pay levels than the same young men would receive in the privatt
sector. The Department of Defense has indicated that it would cost an additional $5 1o 515 billion to
iltract and retain the same type and number of young men without the draft. 9

Originnlly. the draf! was designed to distribute the burden of protecting our country upon all citizens.
and, as a byproduct, it provided a desirable "civilian flavor" in each Military Service. The draft, however, is
a great subsidy for DoD, and its cost unfortunately is not equally distributed among the Nation's young
men. In fact, the cost tends to be borne by young men who are unable to avoid the draft through college or
other types of deferments.

Second, the structure of compensation and incentives is very important in securing the mix of
personnel types required. The experience of the private sector, where market furce operate more ftully,
does provide ins'ghts which may be helpful in improving the structure of compensation. The privatc sector
pays for:

- Higher levels of skill
- Relative scarcity of each u :cupation
- Superior performance
- Higher levels of tducation
- Greater experici:ce
- Greater responsibility
- Increases in hazard
- Disruptions to farmily life

The private sector pays over 88 pcr cent of its compensations in cash,

In contrast to the private 'ector, the military has recognized only half of the criteria above:
specifically, increase in hazard, grC3ter experience, disruption to family life, and recently, some. increased
payment for relative scarcity of occupations among enlisted personnel (e.g., Proficiency Pay and the
Variable Reenlistment Bonus). Also increawsed pay is given to a reiatively few officers for special
qualifications: doctors of medicine and lawyers. Except for the above cases, increased pay is not usually
given for higher levels of skill, higher levels of education, superior performance or miative scarcity of each

Because the draft provide,; manpower to che .,r ices. .t ltes.. than the prevailing 5,5t'c iate for similarly
skill e" en in the ivili.an economy, the Services tend to lavor milirary techniques .'nd methmds whih use
relatively larxe amounts of labor in gene.'ral and skilled labor in patticular. Al so, total production for the ntire
economy ir lower; manp,.r is used whcre it is not most protucti. Therefore, the social cost of S5 to

$15 ballint, -,hich is now bornc hy idra ted young men would he mving: ton.art a volun.try force.
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occupation. Almost without exception, DoD has requested higher across-the-board compensation increases
instead of difii tential pay so as to recognize more fully higher skill and educational levels. The salary
reform studies of the Hook Commission in 1949, the Cordiner Conunittee in 1958, and the Randall panel
in 19 3 did not fully consider differential pay. And now, weapons systems and military planning are more
sophisticated, but DoD is saddled with an archaic compensation structute. The net result is that DoD pays
highly skilled personnel too little and less skilled personnel too much. With the economy at a high level of
employment and with increases in growth dependent on the efficient use of manpower re.,ources, the
Federal Government and the Department of Defense cannot be satisfied with continually over-paying some
of its personnel and under-paying others. Pay must be used. as it was intended, to attract, retain, and
motivate the wide range of personnel skills that are required. No more or no less should be paid. There are
other critical claims on the taxpayers! dollars that cannot go unrecognized. The current under-payment of
some personnel leads to excessive turnover and the associated higher costs for additional training. The
over-payment of others leads to higher than necessary compensation costs and training costs, which
compounds the problem.

Military compensation distributes more non-cash benefits by providing more "free" presenit and
future services than is the practice in the private sector. To add to the problem the proporli-n of non-cash
and delayed elements of total compensation has increased since 1949.

Roughly 50 per cent of total compensation is now labeled basic pay and is paid in cash. Thirty per
cent is paid for special purposes such as housing, clothing, and hazard allowances which may be paid in cash
(e.g., hazard pay) or in kind (e~g., housing), Over 20 per cent is paid for strictly non-cash or futurt benefits
for such services as dependent medical care and for future pays such as retirement and "insurance" for

disability.
The more 'elderly use non-cash services more than younger personnel. Therefore, greater

compensation accrues in this form to older and more enior personnel. Also, it is evident that free services
are used more extensively than is necessary. If the Federal Government gave in cash to military personnel
an amunt equal to the total cost of providing free medical facilities to dependents and Service personnel
for notservice. connected medical care, less medical service would be demanded by Service personnel
because of their higher preference for other goods and services. A move in this direction can help to
alleviate over-crowding in military medical facilities. - -

Almost all servicemen prefer a higher amount of cash now rather than future payments. This is 4
evident by the interest rate military personnel are willing to pay for consumer goods. Generally, younger
people are willing to pay high rates of inteest to borrow for the essentials of courting and setting up

housekeeping. The time preference or interest rate for cash is typically 10 to 20 per cent for younger
military personnel. This rate is significantly higher than either Government bond yields of 41h per cent or
lower Government accounting rates of 3 or 3!6 per cent. Because of this difference, income promised 20
years in the future means little or nothing now to young servicemen, but it means a higher cost by
Government computations. Characteristically, Government pay increases during the past five years have
ignored this fact and have increased retirement pay at a faster rate than cash payments.

To an airman or officer in his nineteenth year of service, a basic pay increase at the guidepost rate of
3.2 per cent means 25 to 35 per cent increase in compensation that year. This arises because the retirement
pay is a fixed percentage of terminal basic pay and provides a stream of retirement income at 50 per cent of

I
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the basic pay increase for the remaining life of the aevcansan.1 ° In contrast, the airman or officer
complethig his first year of service receives practically nothing in present value terms from the increase in
his retirement. (A similar but smaller impact occurs with Civil Service pay; retirement pay is baed on a
percentage of' the average income of the highest five years.) Thus, pay increases given to military and Civil
Service personnel during the last five years have given very tmall compensation incretse to junior and
i-ddle ceer personnel and have given very large increases to personnel who have long since comixitted
themselves to a career and who generally posses less education and are less open to Innovation. This is
another example of the Government's increasing the compensation of senior personnel much more rapidly
than junior and middle career personnel who are generally in thort supply. The additional cost of rapidly
increasing compensation for senior personnel is in many cases unnecessarily burdenin the taxpayer without
any significant return.

The above deficiencies in the military compensation system (and to a lesser extent, Civil Service) are
further encouraging younger and more skilled personnel to raturn to the private sector as soon as possible,
where compensation is not predominantly based on old-age or paid in se-,ices. The compensation system
should be modified to provide more compensation in cash, greater differentials based on ki and
eduscational levels, and less future pay if the Services wish to increase retention and motivation at much
lower costs.

Third, promotion policies are successfully used in the private sector to retain and motivate skilled
personnel. In contrast, in the Military Services and to some extent in the Civil Service, promotions are
seldom given for above-average parfornance and for purposes of retention. Promotions are primarily based
on waiting for the requisite age and then being promoted along with poorer performers. For example, in the
December 1965 promotion to Major in the Air Force, only 13 per cent of all promotions were based in any
way on above-average performance. The remainder, or 98.7 per cent of the officers promoted, were treated
as if they were of' equal performance and were promoted after roughly the same number of years of
service.* Quite obviously, many officers among the 98.7 per cent had superior performance records and
tremendous potential for further development, while in the same group many officers had below-average
records and low potential for development. There is nothing so discouraging to young and highly trained
men as to be told that they must wait and be promoted with "the herd." Yet this is precisely what current
policies implicitly say to highly qualified young men. Naturally, they won't stay and they don't stay. For
example, the retention rate of enlisted personnel after completing_ four years in 1964 was 13 per cent for
those with the rank of E-3 (Airman First Class)and 33 per cent for thnse with the rank of E-4 (Staff
Sergeant). A similar pattern emerges when comparing officers with more advanced degrees in skill areas
in short supply and officers with baccalaureate degrees in academic disciplines which were in ample supply.

10 For example, an officer ot 43 years of age, who is a t.t Colonel earning $10,000 base pay. who h..'

a remaining life expectancy of 25 years, and who receives .A base pay increase of 3.2 per cent, or $320, will
receive a compensation iactease oi 25 pe: cent, or 12,527."5 - 5320 * 19 516(0

. 1 .05)

(The above calculation onsidered only basic pay and rertiement ar,d thus did not include other benefits.)

'he causal relation ray have been reversed: Promotions may hove been given to enlisted personnel
because they exprer-sed a desire lot a career and not because of higher .chievement levels.

Ed. Note-Although the statement here is generally correct, it is sonmewhat nr:sleading since those passed
over for promotion to maior tended toward the lower end of perltorroanct, distribution measured by effectiveness
reports.



When men who are highly trained and educated leave because of essentialy no opportunity and no
promotion, the Services must maintali2 a larger training and education program for less capable personnel, It
is hard to estimate what tremendous losses are sustained by such personnel policies, but the combination of j
existing compensation and promotional policies must cause at least a 6 per cent wastage in DoD manpower
resources. This would be equivolent to roughly S2 billion dollars. Perhaps it is closer to S5 billion.

Fourth, awards and .cci,, recognition motivate people to higher performance levels, There is no
substitute for the pat on the back, public recognition, and modals for retaining and motlivatir4 personnet
Even the seemingly insignificant addition of lightning bolts for the visors of Lieutenant Colonels gave
outward recognition of the officer's high status and probably Increased hit motivation. Commendably, each
&rvice uses this policy tool very effectively.

Fifth, assignment policies can and do have an impact on attracting, retaining, and motivating skilled
personnel, In the civilian economy, individuals specialize early in their careers and then broaden themselves
for additional levels of responsibility. Among enlisted and Civil Service personnel, the Department of
Defense does essentially the same thing, But this is not followed with officers. Officers are rotated at 2- to
4-year intervals into and out of specialties and occupation groups. Although each Service attempts to
develop some career patterns, their efforts ae either ineffective or are ignored in actual assignments. For
example, an officer may fly for one tour, then be an academic instructor, then a management analyst, and
then return to the cockpit. Each job requires on-the-job training and may mean the equivalent of a ]-year
loss for each 3 years assigned to each new occupation. This approach is frequently rationalized because of
the need to prepare all officers for general officer responsibilities in spite of the fact that only .03 per cent
can be general officers at any one time. Or, a loose career ladder is maintained to allow older personnel no
longer suitable for flying or combat jobs to move into a "desk job." Of course, the preparations and
execution of a war require flexibility, but the current assignment poicies appear unduly flexible and
intolerably wasteful. The education and experience patterns of genieral officers could include earlier I
specialization with broadening responsibilities later in a career, as occurs with many top executives in
industry. Flying personnel could be given a career pattern which includes only flying with the flexibility
that pilots could leave with reduced retirement benefits or a lamp sum payment after, say, 10 or 15 years.
If the airlines are an example, pilots in nonfighter aircraft can have successful careers through at least 20 or
more years. Fighter aircraft may require the faster reflexes of youth and, therefore, fighter pilots should be
considered for transfer to bombers or cargo-caraying aircraft later in their careers.

The great advances in technology now affecting the Department of Defense make it folly to ignore
specialization among all personnel. If ignored, then the substitution of civilia, personnel in the place of
military personnel should and must be considered as a desirable alternative in all but direct combat-type
jobs.

While it is easy to identify problems, and obviously wasteful policies, it is much harder to correct
them I do not wish to minimize the difficulties. But it is not always clear that we are moving in the right
direction.

Conceptually, it is possible to define a personnel type (e.g., a man who is an experienUd comptroller

with more than one year's experience, is a non-rated company-grade officer, and has a master's degree in
business) and trace his movement in the personnel system, given current policies.' 2 This can be followed by

12 Cat developments at the Perscnnel Research Laboratory. The Laboratory has successfully applied
a us,'ful fo simulat.on technique (modified Markov chain) to the Air Force officer force in some recent research
efforts.
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simulating the modification of personnel policies (e.g., compensation system based on additional pay For
higher sl and educAtional levels and a promotion system based on performance) in order to cakulate the
likely changes In the actions of each personnel type. Then the cost stream for each personnel type under
alt *rnative personnel policies should be determined, Thereby, least-cost poicy options cian bc isolatci for
the decision-maker.

To carry this approach further, cars in requirements for each personnel type can be simulated in
relatUonship to the needs for manning weapons systems and other military jobs. Again, cost streams must be
attached to alternative mixes of personnel types, Similarly, alternative requirements can be evaluated. In
the final gtep. simulation of various personnel ty54s can be made on the requirement &de as well, with the
ultimate matching of requirements (demand) and personnel flows (supply), The decision-maker can
intuitively add factors not already considered and then make a selection of the mix of personnel policies
and a statement of requirements at or near the lowest costs. This type of model, or more correctly, family
of models offers a tremendous potential for greutly improving the effectiveness of personnel and manpower
management, and at less cost.

The creation of these models and the development of other research projects discussed above will not
be an easy task. Moreover, it will require improvement in the operation of manpower research and
development activities within each Service.

To be most effective, applied research is best performed under special environmental conditions.
These are: seni-isolation from operating organizations; latitude to initiate projects as well as to perform
assigned research projects; and acceu to the highest levels in each Service (Deputy Chief and Chief of Staffs,
Assistant Secretaries and Secretaries of each Service and DoD). Basic research is ideally con;lucted in an
academic environment with its a;.xiated freedom and inquiring atmosphere. DoD should include grants to
the acadenic community to foster this type of research.

Applied fesearch can be performed in essentially three environments: academic community,
consulting organizations, and in-house applied research centers. Each has its advantages and each should be
used by DoD. There should be more contact ith competent professors in civilian universities, and more
contracts should be let to theseMencie.Consulting grotups, such as the Rand Corporation for the-Air
Force, provide a valuable and indispensable bridge between the academic community and each Service, as
well as generating imaginative approaches to resolving old problems.

In-house research efforts are particularly important in developing new systems for personnel
management and recommending policy changes. The conceptual development of the personnel management
model and the development of occupational analysis at the Personnel Research Laboratory are two very

good examples.

Although research efforts are not built overnight, now is the time to start. Competent researchers are
hard to find, and, unfortunately, the Services have deluded themselves into thinking they can have a
research effort in-house merely by reorganizing and labeling new jobs as research positions. It is time that
the Services reduce the detrimental fragmentation of their efforts and further isolate research centers from
the day-to-day demands of military operations.

Improvement in applied research and development will require the integration of diverse data sources.
A fruitful starting point can be the integration of all costs, personnel, manpower, training, education,
pre-accession, ROTC, retirement, and Reserve data frdes which already exist. Computer facilities set aside
for manpower analysis may need to be expanded in each of the Services. As in the past, the Services will
want to safeguard the privacy of each serviceman's personnel records.

I l)
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I
In the AJr Force, the Personnel Research Laboratory is the focal point of personnel and manpower

applied research. It will need far more support than it is now receiving to match the challenge of the l960's
and 1970's. Also the Laboratory needs to increase its ties with all relevant disciplines, includ" economics,
in the aw'ademic conmmunity (including the Air Force Academy and Air University), One approach is to
reserve manpower qpncmx P1 the Laboratory for visiting resesschers from acm 19c i for put or all of a
year, Also. consultats could be budgeted to work on qsecial problems, In aidtien, it may be useful to
have biannual symposia on Air Force and DoD Manpower research.

ICi
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XVII

THE IMPACT OF COMPUTER APPLICATIONS ON PERSONNELI. I MANAGEMENT SYSTEMS

John M. Lehman
California State College at Los Angeles

When one looks at thle voluminous literature, on the tine hand
in the area of computer and information ntnagcnleni det-elopnicr
in th: lost tenl years and, on the other lk.md in the area of ilcr~otnifl
mlanagemnent syriems development and use m the last .25 year% it
seems obvious that the impact of the first upon tlie second has been
and will continue to be tremendous bideed. Nios' of yoii will arice
with what I have said so rar, You may not agree witht the, rest of
what I have to say, I believe that comlpurers can ind will replace~ and
do botcr and cheaper the cuItCIw functioiisufmat ensoono' staff's.
The grim specter often raised of the i ju~~rn~tif men by
machines, untouched by humian hands. is riot so grim because it
would likely be an improvemntrit over rooil personnel management
systems now existent' If thle only ho;X. or the only dangel. is
automation of current functions, then my advice to personnel
maiiagers is to find an interesting hubby. for machines will put them
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worsening contition I *h~etes tt oemf te nst imotnt anobjectes. pesn nel mt nagement
symewu s that the contrbent o the ealiato mcd.ra Scey id a rtiidi)harD.Die
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thit clesIton, In this country today, fr the overwhelmng majority of systems, hs ear. I believe that the real
impact of comp~iters on personnel management systems Is that they will make it possible to bring about the
developtnent and v~e of systems which will more surelY guarantee to All men the rigt to a uscful place in
society--the prerequisite to the putsoit or happiness.

In anticipation of those who miot want to question the assumption that the aim inq1 quoted Is
indeed the main and rightful purpose of personnel management systems on whatever trounds, let me timply
challenge them to arguse publically, on moral of any other grounds, that there is a better fundamental aim
of SOVICnrttuens or of personinel RMaIAleitet systeml.

Let me also say that we know that men are not Really Created equal 33 Is stated in thle quottion, but 1
think It is a fair Inepretation that the equality wust Wafr to equAlity befort tht law ar befo tilt %WWa
systems that have been instituted among men, In other words, equably of opportunity to Puisue happiness
and to live ot liberty.8

Most of the evidence bearing on the question of equal opport'inty is often interpreted a%. differtc
in the degree to which men extert themselves in exploitationi of their oppoi tunities. I will not argue that all
me" should be equally successful in the piisul u; their rights. for men do differ In their native abilities, but
I will argue that the diffeivoices, that I will] discusa below, are just too Steat to bwe the result of differences in
energy of pursuit or native ability. They are rather the results of personnel management systems, and other
social systems, that do not place the equality of the rights of all paramount In their aim%.

Let me cite suonse statistics that illustrate the differences. The lowest one-tenth of the spending units
(famnilies and single persons livinig in separate households) in the United States receive I per cent of the total
personal annual income, while the upper one-tenth receive 2b pew cent of the total incotne. INS meins that
some 6,000,000 families get 28 times as much, on the average, as 6.000,000 others, if one conisiders more
extreme samples, the 3,000,000 in the top 5 per cent receive more than 40 times as much, on the average
per year, as those in the lowest 10 per cent, And this Is only in terms of annual dollar income. The
discrepancy is even greater when one considers the degree to which men of these extreme classes have
succeeded In the pursuit of total material wealth (1).

The recent minimum wage law raises the number or those who are covered to about 30,000,000
workers. If one remembers that the labor force in the United States is now ilbou 75,000,00, ong, ca s
why ame less than 50 per cent of the labor force covered by minimum wage laws? Why not everyone? Does
this look like equality of opportunity?

Of the somne 75,000.000 members in the labor force, fewer than 30,000,000 are members of labor
unions, and you may be sure that few, if any, of these work at or below the minimum legal wage. This is
not because 45,000.000 employed persons ire proifessionail, manageria, or proprietory workers. tor only
some 25 per cent of the labor force is so classified. It is difficult to know how many workers do in fact
work for less than like minimum wage, but a little arithmetic with the numbers given in the Statistical
Abstract ot the United States indicates that the number is in the neigborhood of twenty to twenty-ive
million. One may ask: Why is this! Are same jobs just not worth iiny more, or Is It because our social
systems are not really dedicated to the principle that men are entitled to any equal opportunity?

I would like to cite just one mnore pieice of evidence before I go an to a discussion of what mnight be
done about the rather grim picture I have drawn. Grne need only spend some small amount of time in the
vast slums of our great cities, or in the itinerant worker camps of some of the most productive agricultural
areas of the nation, or In the deep south or the southwest to realize the abject lack of hope for a decent life
that is the lot of about 50,000,000 of our citizena-one- fourth of our people (2).



We live in a very affluent society. Our total persoal Income approaches $600,0U0,000,000 annually,
and this repteunts an average Icor e of about $3,000 per yes. for each of the some 200,(,000.0 people.
Yet the 50,000,000 who are estinted to live In poverty receive an average of only about $700 per year. By
contrast the 0,000,000 people who art most affluent receive in average of about $6,000 per year. Is it
realy necessary that there be this wide differen.e? Dues the difference represent jtst differences in native
ability o the nmnaty with which people pursue their opportunitie? (*art it hut b th result of iii
personnel tftftginnt systems and other social systwern that do in fa.t operate to prevent equal
opportunites for all?

I would like to turn now to a discussion of w1it, if anything, may be done about the extistent
itequities in the degree to which men have been successful in the pursuit of the "goodies" of Ulf. I do not
want to itgue for a strictly equalltara s.ioy fr, because m" ar drff4rcnt in their piabtltles, some

must be more successful dn others in the puruit uf those thinip which bring sa2.ifaction and fuifillment
to our lives, But the differerces between the high and the low are just too great. At first ganc the simplest
solution might seem to be that we take from the rich and suceaful and give to the poor and the
unsccesslful. That is just the solution that we have been trying for the last several ycwrs in our fedcral.
state, and local welfare programs, Yet these programs, while they probably prevent starvation and stave off
revolution, are generally conceded to be failures in the sense that they provide nothing more than a
stop.gpp solution. Indeed we know that there is growing among many of our poor a culture ofrpoverty. We
ate In the third Veneration of this in many of our city slumS, Welfare and charity are doubly defeating. fur
they do not provide the means for the recipients to improve their state, and they create resentment into the
bargain.

'It has been sulgeted that we institutc a guaranteed minimum income for every one, or that we
provide for a "negative income tax," I think such an atrangrementz would be t;ir better than our current
welfare programs and might be even less expensive, but I do not tlank it would solve the problem, for the
one necessatry thing to lift people above the state of poverty is that they be made to feel that they do
belong to the society, and that they do contribute to it. This means, in our culture, that they have a job-a
real job, not one that is welfare or charity in disguise. I believe that nothing short of a society in which
suitable jobs are available for all will serve to secure the rights of all nun. This situation shuuld be of
concern to us all in our roles as citizens and human beings, It should be of particular interest it) thuse of us
who ae concerned with the development and use of personnel management systems. I think the kind it'
systems we now use are failures, and J think-they are faiures because we have given blind J1l4aince to a
doctrine of selection rather than a doctrine of classfication. By a doctrine of selection I simply incan that
we determine how many jobs a particular system needs and then line up the available men in an order we
believe relevant to their ability to perform the job. We then simply take from the top of the list and throw
away those we do not need. Of course, the process is repeated many mes, but the sane people tend to be
at the bottom of every fist. They are the breadwinners of the 50.0UV.000 poverty-stricken people of the
nation. For the most part they axe not very capable people. We a!' know they are in general, poor y
educated, poorly adjusted, unsked, old, and unhealthy, or the offspn,8 of such people, for thee are the
chasacteristics of the poor. But they do have sonc capabilities, and we must use their capabifitiei even

though it may reduce the efficiency of our production systems.

Personnel management systems dedicated to the selection doctrine might not he so lad it the basis of
selection were a consistent one. All too often, however, men are placed at the bottom ol the lists hcauw of
such immaterial things as color of skin, religion. sax, or just the whim of somie dmminitratur. Like su:ces,,
nothing fails like fiilure, and one slip often means the end, And there is no recourse lor most men, ,,ice
not to employ is the prerogative solely of the employer. In short, the selection doctrine meais thlt men are

to be engineered to fit jobs.
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I
Thtrc L. an alsawto dowtrne-w"at I NtlIttred to earliet a a doctrine of ctifitloti, Under suds 8

doctrine the supply of men is assWIled according to thei capabillties And potential capablities, Joti Sat
enlngrured to fit the supply of men. The system Is made to serve man rtther than men made to serve the
syste.,

Theree ineo difetes In makn £ change from personel inuaemert system, dedina*d to

seiction to symems dedimaod to .ldtwraA , All , ma in doctrines or cutom of |oan4 standin ha
,two fudamenital kinds of difficulires. and persorawl ma:-tapent system a*e no exception toths4
principle, One of the problems is a techrlual one or si-ply the lack of knowledge of how to devise bet lr .
solutuns. The wod kind of problem is how to fnd the treevot to implemewt the mpoved solut Ion o
It is kown, The distinction often grows a tttle fuzy, for the problem of how to find fincial and other I
kinds of support for the scorch for a bettor tdWlop Is more like the lRoblem of implammatwi tt-- it
is ike the problem of "h seh for n w kow4dp,

In order to change to a doctrine of dAaafi atlon, we need cepability in four aneas. (I) The ability to
cla y men according to their potential for future job perfon ance; (2) The ability to englineer new jobs
and re-engineer old jobs so that they fit the capebllties of men; (3) The ability to match men to jobs so
that no men are left ova: and no joba ane untfied (4) The ability to control the creation of new jobs and
the dacwding of old ones so that tic supply of men and jobs does not Set out of balance. This la may also
Imply the ability and responsibility to triM and retrain men before new jobs are created or old Job
diWArded. The int t uee are concerned with technology; the lait is a problem of implementation.

The fint are is comprised of an old famillar set of problems. They are the problems of predicting
futue job performance. For fortnal criteria such u success in educatkl and train prog=a4q, we have
achieved validity coefficients in the sixte pretty consistently snee World Wa II, and we have not in the
lat 2S yeu, improved this very much despite a very considerable effort, Factor analysis and other
sophsicated statistcal technques have been employed, Some very powerful computational procedures
have been used. We have expanded the mope of pychwoetric devices; that it, tets a available for a much
lasger set of jobs tian wA the case a few y"a ago, Valiant efforts to develop nof-colrltive type tests have

been made. We have autormated the test scoring process and have even begun to automate some of our
adminirattve procedures. And yet, val1dty co fficient.. have root changed signifiantly. I would not argue
that we should stop workin for kupruvuemnu in Uhi am, but rather that th dwme to a classifcation
doctrine does not depend on auch improvtment. We should use more extensiv" y the capability ihae v
have, for it should be remeabeed thait Imge # a ority of the working force Is not selected oe the basis A
of psy.lom0ttric tests. The technology in tls aea may not be as good as we would like it to be, but we do
now classy men ir ,regpd to future job perfornme. The curent technooloy is good enough for a
clsficati.on doctrine if we just use it..

The second problem arm, job enginsert, Is also an old firrlfr one. Charles Babbar who invented
the foennner of the electroic computer in the early I 800's wrote a paper on job analysis u far bank as
1832 (3). In fact, Babbage's discussion of an efficient way to manufacture pins soutds much like some of
the work in job anajysis done today. It has been only recently, how ver, that humn engineering has had
much of an impact on the design of equipment with the capabilites and welfare of operators in mind.

There remain a peat many unsolved problems in job engineerin despite very peat propress in the last
ten or fifteen yeam. But like the prediction ofjob performane, we engineer jobs everyday; the fac:; that we
do not do it as well s we know how, or as well as wo would lie to, need be no deterrent to the Adoption
of a clmificaton doctrine in the use of ,awn.

The third problem area, that of matching men to jobs, is also An old fanillsr one. However, very little S
work of a scientiic nature was attempted unl just a few years ago. This is probably becaus the
computation problems involved are of such a nature that one could not hope to soive such problems
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I1
formaLly for more than just i few monand a fcw jobi without te a14 of a ;, w#. li fac4, dirct
solutions for more than about one thousand men and one thousand jobs tax modern-day computers.
Fortunately, .t,,od approximation procedures are available that are well within the capability of small- and
mednisiezed present-day machines, I do not know how feasible It would be to develop a reaismably good
solution fro th4 working force and jobs in the United States today, but a modest effort hould produce
.uch a solution.

The fourth problem arc, the ability to control the creation aind discarding of jobs and to train and
retrain rmn, so tht a man-ob match an a local as well as a national scale Is feasible, is a fat mote diflicult
task. There arc two main diff[culties. and both involve customn and doctrines and even Ipl codes whi h
hem become outmoded by circumstncet. These difftulti do not require any technical breakthtoughs for
their resolution unless one considers that technical developments are required to show us how to make
ichanges in long establithrd customs

The fist difficulty is in the tacit asmmption, embedded in the selection doctrine of manpower
utilization, that men can and will perform, given the proper motivation, any job that is created, and that
they can and will learn to perform a new job If their old job Is discarded by technical progress or for any
other reason. It is the doctrine that men wll change themselves to fit the society, The exitence of the
50,000,000 people who live in poverty and the enormous welfare programs in this country, however, are
tstimordes to the fact that many men have not acquired the skills required by the jobs that the society has
created. One may argu that it I simply a matter of motivation, that the men and women who do not have
jobs or a place of dlgn: ty in the society awe in such a state simply because they do not try hard enough. I do
not believe this is true. I believe that the peat majority of unemployed and underemployed people would
much prefer to work and earn a place of dignity in the society if a reasonable opportunity to do so were
provided them. We have in this nation our share of geniuses, but we also have our share of the other end of
the scale, and I see no practical way to change this. I see no way to secure the right of all man to an equal
opportunity for a life of dignity if we continue to engineer jobs without regard to the entire range of
abilities that exists and will continue to exist in the pool of men available to fll the jobs.

The meond difficulty is just the problem of how to control the creation and elimination of jobs so
that the total fits reasonably well the available pool of the abilities of men. We know enough to describe the
totality of work with respect to both qulty and quantity thaI can be reasonably expected from the
manpower pool. We know enough to be able to project this for several years into the future. We have the
technology to design sstemns such that the work of-men associated with the systems will resultinefficient
operation without undue stress upon the worker. We also have the technology to match men to jobs so that
few jobs need be unfilled I think we have the technology to do all these things without an undue strain on
the efficiency of our production systems.

The question it, Why do we not do it? Why do we have 50,000,000 people who do not share in the
affluency of te nation? I think the answer is that we do not rake use of the technology that we have, and
in particular, we do not have the means to control either men or jobs when there is a surplus of either-be
the surplus one of quality or quantity. In the past, the problem of imbalance between men and jobs has
seemed to have been solved by the law of supply and demand. Perhaps a job surplus has been solved in this
manner, for unfilled jobs are soon modified or else the incentives to fill them are modified. The result is
that If the jobs are critical they do get filled. The other surplus, that of m ie nn than jobs, is not so easy
to remedy. The result, if the latter condition persists, is that the unemployed people are reduced to a state
of poverty. It is often argued that unemployment is structural in nature; that is, that there Is not a shortage
of jobs in the aggregate, just that the men who do not have jobs do not have the skills to perform the jobs
that are available. On this assumption, we have in the last few year.t, at all levels of government, instituted a
wide variety of progrim that will upgrade the skils of the unemployed so that they can perform the
unfilled jobL These program will not solve the problem of the 5O.iOO,000 people who live in poverty. For

the most part, they are not very trainable; even If we do succeed in training them, the new jobs they can
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aspirc to are already filled by marginal people. The result m-v be some mobility wthin thi. ;anks of the
poverty-stricken without much change in the aggregate nu,

A basic philosophy of the selection doctrine in wei utilization iq that men wli,, aie at the
bottom of everyone's list will somehow raise themselves i ,n the scale of ability to perform. The lists
arc crowdcd at the bottor hey aie alto crowded near the boi.

We have only become interer:ed in those on the bottom of ihe lists in the last twenty or thily years.
This is probably because the selection doctrine includes rather small concern for a man's 'e if we
cannot use him in one of our established jobs. Not only do we throw people away, we largely put them out
of our minds and off our conscience i.a well. But we do exploit ther. Alimrst all the necessities of life cost
more in an absolute as well as a relative sense for the people who live in poverty. Rents are high-r. Food is
higher. Similarly, the public services provided are of lesser quality. In fact, the very things that
poverty-stricken people need most-their right to an opportunity to share in the affluency of the
society-are denied them. This is all, I think, a part as well as a consequ ce of the selection doctrine in the
use of men.

A classification doctrine would guarantee to all men an oppoztl -ity to work at a job with dignity. It
would not prevent efforts to upgrade the skills of men, but if that failed, as it has failed in the past, then it
would control the jobs so that all men would have an oppo:unity to perform one. I do not know how we
can make the necessary changes in customs and beliefs or how we can circumvent the special interests that 4
would be necessary to institute the new doctrine. I am convinced th& we have the technology, and that we
can afford the cost in efficiency, if there be a cost, to bring about the change.

Such a change in doctrine in the utilization of manpower will require an enormous capability to
manage information. Computer systems will provide this capability. I think that the real impact of
computers on personnel management is not that they will be of great service in furthering technical
developments in our ability to predict future job performance, to do a better job in job engineering or even
in the process of matching men to jobs, although they have added and will continue to add a great deal to
our capability in this respect. Rather, I think that the really important impact of computers will be that
they provide a necessary capability fc~r us to implement a change from a selection doctrine in manpower
utilization to a classilication doctrine. Computer technology and use is not a sufficien! capability in itself;

- we need inaddition, the courage and the resolve to overcom parochial interests and to change custonts and
practices of long standing.

It is never very easy to bring about change in any form, and it is particularly difficult to effect
changes in social systems. We have solutions of a sort to almost all of our social problems. But these
solutions become outmoded, and while some basic changes do come by the long evolutionary process, me-st
have occurred relatively quickly and by the relatively violent revolutionary process.

I think that we may have the capability to implement by evolutionary means a system which will
more surely secure the rights of all men. If we subscribe to stated goals, and really use machines, we might
someday arrive at the human use of human beings. If we do not get on with it, I fear it will come about
despite us and by violent means.
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XVIII

THE IMPORTANCE OF PERSONNEL RESEARCH TO THE AIR FORCE

William S. Kieffer
Assistant Deputy Chief of Staff, Personnel

Department of the Air Force

When I was invited to speak before this group. I accepted very
quickly. You gentlemen are working in an area in which I have a
very great interest-an interest engo.ndered from three basic causes:

First, I am a user of your product. Every day ;n my business I
am faced with the need to make decisions and to give advice on
problems and situations where all of the pertinent basic factors
which should be taken into account are not clear and where basic
factors which would be helpful to the consideration at hand are just
not available. As I hope to bring out later. our effectiveness in
managing our people hinges on techniques and procedures which
have been developed as a result of personnel research accomplished
in the past. We users need your help.

Second, I am a sponsor of personnel research. I am conscious
of the large resources in manpower and money which the Air Force devotes to this activity, and I feel the
need to do my part to assure that these resources are expended wisely and to ends which are useful in the
real world.

Third, I am a human being and have a natural interest and curiosity about my own kind which
heightens my interest in your work.

For these ttiree reasons, then, I welcome the opportunity to express some of my feelings, beliefs, and
attitudes toward personnel research and to make my observations to a group who 3re knowledgeable and
will understand.

Several weeks ago as I began to organize my thoughts in preparation for this talk, I found that they
were difficult for me to articulate. The subject is complex. I found myself with intuitions whica were
difficult to rationalize. My view of your complex profession is necessarily limited; my knowledge,
incomplete; and my judgment, fallible. In short, I am conscious that I am only one of the blind men
describing the elephant.

One of the definitions of research is that it is a critical and exhaustive investigation or
experimentation ha ing for its aim discovery of facts and their correct interpretation. In my experience, it
is much harder to find a man with the facts than It is to find a man eager to interpret such facts as may be
available. I continually find in myself and others P tendency to interpret partial facts and jump to
questionable conclusions.

My first message to you, then, is that I strongly feel the need for many intelligent, patient, thorough,
and hard working fact-gathers in the personnel resea -h community.
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Fralr Mendel was a man willing to spend his life in long, tedious experinentation and fact- athering U,over a perio of many yearm, Our basic understandingi of the laws of penetics grow from his painstaking '

efforts, and Ie greatly enriched our understanding of the nature of life. But this result only cane about
because he was willing to spend the bulk of his days perfo,-rWz pamnstakigt, repetitive tasks. We needpeople like Mendel.

What is the spcific: importance of peronnel research In the Ali Force7 It is trite to m~y OWt people j
are our nwt Inmpomnt resource. But, neverthels, It Is true. Let me talk a little about the Air Force and

some of its characteristics as seen through the eyes of an Air Force personnel officer.

Firt, contrast ts most modern of fighting services, the United States Air Force, with the righting
services of the put. In the armies of the past-from Alexander's through Grant's and Pershlng's-virtualy
100 per cent of the members were fighting men. Only a few base skills were required. The emphasis was on
leadership and courage in the face of the enemy. Every cook and wagon driver was prepared to drop the
tools of his support trade. pick up his weapons, and participate in the fighting. Logistics problems were
straightforward.

Contrast these organizations with the United States Air Force, Here is the most powerful military
force the world has ever seen-and yet, of its 1.2 mlllion people only 2 or 3 per cent can properly be
characterized as fighting men. These few are the combat aircrew members who man our fighter and bomber
aircraft These aircrew members would be helpless, however, without the Large numbers of support
personnel who set the stage for their actions.

The multiplicity of tasks performed by this great force of people--and the variety of skills which are
required of them-are such as to pose to the Air Force problems in personnel planning, complications in
personnel training, and requirements in personnel managment which are unprecedented in any present or
past military organization.

We need jet pilots and master bakers, helicopter mechanics and policemen, bulldozer operators and
teletype repairmen, personnel clerks and photo interpreters, ordnance disposal technicians and research and
development specialbsts language teachers and eketronic technicians, and so it goes.

I have painted a picture of an Air Force consisting of a vast number of airmen, officers, and civilian

employees with a great variety of different skills,

Let me describe a second characteristic of the Air Force. Its requirement for people in terms of
numbers and skils and locations changes radically and on very short notice. These large-scak changes result
from dages in force structure and in deployments, which in turn result from a rapidly flowering
technology and fromn changes in the world's international political situation and in our Government's
evaluation of the threat

9-47s give way to B-56s and B52s; Snarks and Atlase give way to Minutemen; bombers and
interceptor squadrons give way to new fighter-bomber squadrons; forces shift from one part of the globe to
another; bases close and others open; old communications systems and command and control systems give
way to new. DeGaula invites as out of France, a crisis requires our presence in Lebanon, in the BerlinCorridor, in Korea, over Cuba, in the Congo, and in Southeast Asia.

It is people who must respond to these ever-changing demands. Man is a tough and flexible creature,
capable of adjusting to remarkable degrees of changes and of responding to remarkable challenges.
Nevertheless, there are limits. Some lead time is required for training to new equipment and new tasks, for
travel, for rest and recreation, for family care.
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Wha '6 M 7m is t 3per cnta, ay i n anm of ect of ow It bwille an Ilmt trik of
mof ernvet to f'orscm moe d na fe pr revnion forca year mar e perouy8 l p ilat wyh wl prnet uto acommobts them eff'ectively with mkm dbmnptioaan u ddp umm out pft*.

Now a third ad IMs dweafti befaet I pt to tim asbo of pemnnl rmarch. Our peowe
force is chrctrsd by rqid turnover. Thnm out of tow airman who join th Air Fores make dwk
contribuon an d*Wm with four yam Mon than half of th le do the aiei. By tis end of flwal
your 167 more then 31 per cent of ot armsm ad 25 pr cent of owr offiers wil have Ims than two yam
of wmv .e lurftn the course of te curn find yen, ot roughy M.)OOO Allt" ptwona will

experience almost 700,000 perment chaps of station.

AD of this, the size -nd variety of skills, the changes in force structure and deployments, and the
turnover within our force means that we must have the best of leadershlp-civilian, officer, and NCO
leadership-wise, understandin&, knowledgeable, stable, flexible, 6trong, and capable leader. Secondly, this
leadership must understand the human material with which we work-men and women-and employ the best
possible techniques in recruiting, datiin, tra assigning, discilinin promoting, and otherwise
managin their activities.

Here is where pemio=e! rtsearch can and does play an important part-a pat which is more than ever
needed-and where improvement in performance promises a big payoff.

What do we need?

First, we need improvement in recruiting tecliques to permit us better to identify the young man
most likely to be productive in the Alr Force and better to motivate tem toward caeers in the Air Force.

Second, we need better methods for screening applicants for service as airmen, offi ers, and civilians
of the Air Force in order to identify and reject those who do not have a reasonable chance of succe in the
Air Force. In this connection, of course. we have developed through the years our qualification and
aptitude tests, and we have clearly identified and verified their validity in indicating the percentge chance
for succe of an individual. Additionally, we have data which makes it clear that if a young man is a high
school graduate his chame for succen as an enlisted man in the Air Force is much greater than if he is a
dropout Correspondingly, we know that a young man's chance of succes as an Air Force officer is better if
he is a college graduate than if he is not. Nevertheless, to date our tests are imperfect. We know that we
accept many who fail and reject others who would indeed be successful, if given the chance. The problem
of more refined selection tests and proceduns is with us, and much proress has yet to be made.

- At this point I would like to digress for a moment to talk about the impact on our work of our
program to increase thw nambers of individuals of lower mental categories who are accepted into military
service. I am sure thit nne of us would regard with favor a program which results inevitably in enlistment
into the Air Force large numbers of individuals who Pre doomed to failure. A young man's chance for
success in life would likely be reduced rather than increased by a short experience in the Air Force,
characterized by frustration and ending hi separation as unsuitable or unfit. The challenge for us is to find
means of identifying those individuals in the lower mental categories who can be made successful in the Air
Force and, once they are in the Air Force, to so classify, train, and manage these people as to give each one
the greatest possible opportunity in fact to succed. This will be no easy task.

Third, we need to build on the past and improve our methods for classifying our new people and
directing them into those areas of Air Force activities where they are likely to be most productive, The old
"stanine" tests, devised for aircrew selection a quarter of a century ago, convinced us all that it is possible
to realize great benefit from the use of aptitude tests. We have gone far since those days, but I am sure that
no one thinks we are near the end of the road.
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Fourth, we need research and experimentation 'eading to better techniques for training and
cross-training of our people, Progrmd learning techniques and the use of television and computers inI
education promise to improve out effe'ni,.;ness L. raining.

Fifth, we need better techniques and procedures for evaluating our people so as to identify those
rmt worthy for increased responsibilty and promotion and to identify WWivdaW am of weakness which
can be addressed and correctesd.

Sixth, we need better meithods of forecasting our requirements for pople. Somn work haa been

started in this area! Computers are being used to study force structure mode:, which promise to help us in
our forecasting and personnel planningi tasks We are, of course, only in our Infany in the use of this
technique, but certainly, personnel planners of the f'.-ure will profit greatly from it. A difficulty here, of
course, is that of quantifying human emotions and predictive attributes for simulation and/ or costing on a

* computer.

Seventh, better systems are required to match the man in the Air Force to the job in the Air Force.
This implies that we mnust have detAlld knowledge of the capabilities, experience, skills, and desire of each
individual in the Air Force. Supplemental to this we must have better and more knowledge of the actuW
skills required.

Of obvious value is the use of punch cad accounting system (PCAM) and elrotronic data processing
systems (EDP) to keep track of these complex data and to present them in ways useful to the perso=n4
mager. Just afew miles from here at Randolph Air Forcela s sto be found the heart of the new date

system for the managing of Air Force personnel. The changeover of this data system from inefficient
time-consumning hand operations coupled with manual reports to computer tapes and EDP is virtually
complete. Much, however, remains to be done in the refinement of the system. Our next major miestone
will come li 1968 when we hope to replace our FCAN equipment with computers &.t baselevL As we
become more expert in the use of these modem tools we shall be able to use our peronnel resources in
ways more effective to the Air Force and more satisfying to the indiviuaL

-understanding of human psychology. We must manage the careers of our airmen, officers, and civilian

circultigestonirue to their oce expnd to exienca setins fth Uaifr staff a hountractrst
thn Aorporceit Fsreq en the qutiounne con uet with buhi caabisites an hsis reaichaare
ofsive etions whiarhgecnb d intoiarawerpetedus aso an nsone of pruiay usinswihapa

uselke ueos th anselr ato hc an redby abeviabl elhseherde tan sou o rth stnngtwa

unneesaiga qusciene.o ore asineu It has benmo orvea qsinies wicItW aexrmoly difficul of

cipruaten thesheat of ra stieir owln fWritet chaff of satlo ofesertion anocotatost

The start of this program is referred to in Colonel Ritter's review of Air Fac'! personnel research.
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Let ne quote from a statement to the House Appropritatlons Committee by Di. Robert L Sproull,
former Director of the Advanced Reseatch Projects Agency: "I might add this i a v.ry difficult field in
which to be sure one is sponsoring only high quality work-.,,It is a field in which it i very difficult indeed
to tell the articulate linguist from the really promising scintilst."

Again, from the same report of a recent hearing of the House Appropriations Conunittee: "Some of
the are of study being pursued in bhavioral sccnces ap a rt so tofei any w.1 pouisi 01 ptovidlng
useful information. Other studies appear to be cmctrned with trivial matters on which intelligent people
should not require studies in order to be informwed...."

All of us need to know more about ourselves, our people, and their motivations-more about why we
behave I ike human beings and just how we can be expected to behave in varying situations Th behavioral
scientist promiss to give us answers to these difficult questions and to JiPVe us 1ights whi h win help us in
our problems of morale, motivation, procurement, and, most importantly, retention,

We think we know those factors which motivate the Air Furce individual the most: pride in himself
and the organization; atlasfction in doing something which he knows to be worthwhile and more valuable
taun merely earning a living; the prospects of a good career; fair teatrent and faith in an otganization
which appreciates him as an individual-these I believe are the great motivators of Air Force people. A fair
break in pay, housing, recreational facilities, convrissary, medical services, and so forth, all play their part,
but the overriding factors are more moral than physical.

We do need from the behavioral scientist, however, help in showing how we can increase the capacity
of the Air Force to inspire and to appeal to people in these moral areas. I am confident that this help will
come, particularly as the communications improve between the behavioral scientist and the users of his
developing knowledge of man.

In my job I am always hurting for lack of facts abot our forces today and the history of our forces
in the past.

I get back to Mendel-we need a large collection of facts. For example, how many officers with
engineering degrees came into the Air Force in 1956? From what sources did they come? What were their
aptitude scores? What did they study in college? How many became pilots and navigators? To what career
fields were the others saigned? How many were offered regular commissions? How many -accepted? How
many were given Air Force Institute of Technology (AFIT) tzaining? What grades have they reached? What
efficiency records have they gained? What has been their year-by-year attrition from the Air Force? What
have been the causes of this attrition? And so forth.

We need to know more and more facts like these. Happily, we have computers to help u4, and these
promise to help us even more in the years ahead. Unhappily, however, the work of collecting these facts is
more laborious and in some ways less interesting than some other aspects of the work of personnel research.
Nevertheless, from where I sit, this collection of facts is our most crying need in the personnel research area
at this time.

Let me touch now a final aspect of our personnel mission to which properly conceived research can
contribute,

Hruse of Representatives, Report No. 528 to accompa ry II.R. 9221. MlD Appropriation Hill. 1966.
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In the development of all of out weapons and support systems, we must asure oat our hardware I
developers keep deatly In mind that people will have to maintain and operate tMe equipmen that is
developed, This means not only in relativly simple matters, such as ht the canopy diould be 4ipned in a
way that the pilot can hold his heA up without hitting It, and the instrumnatlon should be det4Wed.
oite4, and displayed in a way nuitable lo the humn operator, but aso that the longterm costs of

maintenance and operation of the system should be consideted against vaious options in the design %tap.
Sometmes more expensive equhpntnt iA design and prvurmn t Is ls costly in the lon run because it
will take fewer people or lesser qualifications to nuintain and operate it.*

As i well known, we face great problems of communication in amy aspects of our lives. This
problem Is most significant in the vitil coordination between personnel researchers and the users of their
products. This conmulcation, or course, is a two-way street, I in sure you will gee when I say that we
users have not communicated out needs to the research commanity us loudly and clearly as we shAld. The
researcher on the other hand has a great problem in expressing the results of his research in stich ways that
the user can understand it and employ it. Al of us must dedicate ourselves toward the improvement of our
mutual communication.

In closlin let me state this fact: Every dollar that i appropriated for and spent by the Air Force goes
into someone's pocket. More than $5 biliHo each year goes into the pockets of our military people.
Another 52 billion goes to our civilian employees, More than 514 billion goes into the pockets of the people
who sell us the goods and services we need to operate. People are expensive.

The personnel research community ha contributed hevily in the past to the improvement of our
understanding of this complex, precious, and indispendble resource. This research has helped us to use oui'
people in ways more effective for the Air Force and more u Lsng to our almen, officers, and civilian
employee. I know that the personnel resarh community will contrbute even more heavily in the
unknown but challengin future.

H tuman engineering studies in the Ait Force emanate chiefly from the Behavioral Scienzes Laboratory
at 'right-Patterson AFB, Ohio.
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XIX

A LOOK AHEAD IN USAF PERSONNEL RESEARCH

Eugene T. Ferraro
Deputy Under Secretary of fte Air Force for Manpower

Department of the Air Force

I am gratified to have been Invited to share in marking this
twenty.fifth milestone of performance by a very significant resource
organizatlon of the Air Force,

While I am a relative newcomer to the sr .e and to this field
of endeavor, I have come to know many , -- vie officers and
professidnals of the Personnel Research L..batory from my
previous visits. I have gained a high regard for their work and an
appreciation or their potential for vital contributions at a critical
time.

This Is a time of crisis-a crisis which is, as yet, dear only to a
limited audience. But it is an audience which has direct
responsibility. We face today a critical deficiency in skilled
manpower, particularly in certain age brackets. This deficiency has an impact on the whole national scene
and threatens our capacity to meet national objectives.-industrial and social as weU as military. It is
especially critical in the Air Force.

11he Psychological Research Unit, the predecessor of the Personnel Research I.aboratory of today,
was bom during a period of crisis. Its pioneer effort in personnel research helped the United States to meet
the tremendous chllenge of World War I1 and pointed the way for more effective use of our training
resources to meet the vast aircrew requirement of that er.

In July, 1941-only six weeks after the first research project was begun-testing was started to collect
data on pilot aptitude. By December of 1941, these tests were being used as the basis for a classification
system for pilots and other aircrew members as well. These Stanine tests, developed through personnel
research, have been called one of the major contributions of the Army Air Forces in World War II. And
they were only one of the many innovations which have resulted from personnel research during the last 25
years. You know better than I the many areas in which the Laboratory has pioneered.

Our past concern hns been largely with selection and classification test development, that is, efforts to
predict training performance and select the peope with the best aptitude for the skills we required. Today,

we face a new challenge-the challenge of creating aptitude and of molding the available manpower resource
into a usable and useful resource. It is a challenge that will demand our most Imanative efforts.

It is no longer enough for us in the Air Force to determine our needs and go out looking for the
manpower to meet them. The manpower is simply not there In the types asid quantities to meet all the
requirements of all users. There is no shortage of what some of my military associates call "warm bodies."
But "warm bodies" are of little use unless they have or can be taught the skills necessary to meet our
requirements. It is the resource of trained or trainable manpower that is limited. And we must compete
with industry, the other bianches of the military, ani the many levels of Soverpment -all of whom have
need for the same high caliber people.
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Fothermwte, all too often, the people whom we hav trained succumb to Owth e ft~ o f higher
pyji#obi it our cmpatitort Ih t manpowr nurket. This irwreasev or!TPreIin coesu by folcin# us to

train replacement2 oni * co irtuing bah, and this4 W espeocially true in the critical contplex-skill areas.

The cost of trainnits etf is eme rising In 1952, it colt 0# $80 to give training In alscadt
maintenance funduamentals, Today the same course or training owuts $2,S20. The cont of trainig in
EFectronir. Maintenance Fundamentals his risen from a 1952 price of $1,040 to $3,420, Part of this item
from thre general die In4t valo iig u u ato h tcesei u iteitrtL4cmu yo
the hardware we use In the Air Force,

Th;% complexity factor also requires the training or more individuals. The total number of specialties
in the Air Force manpower Inventory hus risen from 285 in 1945 to 8 IS today. In 1945, one in three or
thewe skills was electronics, mechanical, or technical. Today, the proportion is one in two. As in example of
how skill requirements have increased, it took eight men to keep a P-47 flying during World War If. The *
F.lII I wil require about 2S men-more tha thre times as many.

A further complication is that skils become obsolete at an ever increasing pace. For example, no
sooner did we get the frst Alas in its sio than we were training for the Minuteman. Our principal figter at
the moment is the F-4, but we are concerned with training to meet the skl require ments of the F.l I . WeI
aro currently operating C-124s while we complete the training of our airlift crews in the C-141. This never
ending cydle-the constant demand for now skills and for the refinement or old skils-creates a need for
continual training and retraining of the manpower that is available. New methodology for quick, effective
retraining Is a must.j

The limited manpower resource, rising costs, our increasing requirements, the growing complexity of
weaponry, and the speed with which change breeds change-all these factors impel us to plan ahead. We
must anticipate our needs so that the manpower resource will be trained to meet the roqplremients of the
future. Our efforts must take advartag not only of our inrhouae capability and resources, but also of the

_ -- -- spirit and fact -of cooperation which artists now throughoua the Depantntaof Defensethroughout the
Government, and toughout the nation. ADl gegeients of owr national institutions must share their
knowledge and poo their abilities to solve these national problems.

We must move forward from the basn of past accomplishmsents, to rebtLM and energize our research
efforts so that we can anticipate our requirements and develop progrsznc which will toteet them. More than
ever before, we need research which will help man work with man, help machines work for man, and help
nan live with himself.

The Air Force has consistently been a leader in the field of pertonnel research. Regardless of this fact,
however, I do not believe that our concern *ith personnel research has been commenvste with the need
for concern. Our Personnel Research Laboratory should and will rcceive greater attention. This capability
must be used to its fullest advantage for the benefit of the Air Force and the nation,

I visualize this Laboratory as a central focus which will unify our Air Force research efforts in the
manpower and personnel area I believe that we must strengthen the position of the Laboratory as an
essential program element within the Air Force and the Dep&Ttmnt of Defense, that we must continue to
enhance the stature of the Laboratory in the eyes of the professional world as a whole.

I intend to take an active interest in the activities of the Personnel Research Laboratory. i further
intend to assist you in obtaining the suppor t and recognition you need to do the job ftich the Air Force
requires-upport in funds and other resources. And, I will expect results from you in return.
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I will support your efforts to aisure that a certain put of the tota effort wiU go into basc research, I
wi alo expect the Laboratory to furnish conltant serv is as necemay to meet the pioblema of the
current day,

In order to accomplish out objectim, we must keep the channels of communicatlon open and
flowing between th Laboratoty and all emenu of the Air Force and the Profesional community. This is
paTiulauly vital as It pertains to c w oaication with my office where policies, developed s a result of
your rfearch, must ultately be reviewed and deciao made on their Implementaton.

The manpower challenge of the present and the future demands that our research effort give special
altntwo to moslvatica. epeially of it elast to education and training. Only put of th prlm s the
iepo ability of the Personnel Research Laboratory, but it is a vital part.

Out research effort must include a focus on imginative concepts in the tranunllttal or Ideas, facts,
and knowledge P.mong people. And our research workers must become increasingly interested in the
inetface betwen research and application, Rseuachen must visualize and understand the problems and
practical conldiersions of the real world of the managrs and operators who apply the findings of research.

Resuch must be a par of-not apart from-the effort to improve the training and utilization of the
manpower resource. This is particularly true when it comez to training. The program teams, the managers In
the Air Training Command must have aces to the reports of current research.

I am looking to this Laboratory for some real breakthroughs As a result of research analysis of the
valuable data the Air Force has collected. We have traced the careers of our people with minute attention to
detail Vast amounts of these data are available, But the data have no value while stored away. They have
value only if we use them, make them more usable If possible, re-evaluate our methods of collection and
storap to enham their value. The solution to many of our problems may N waiting for us right here.
Let's not get behind on this one.

While I hurl these chldknles so freely, I am aware oftthe efforts that are currently in progress. Right
now, we have many projactu underway or in develop.nent:

Amethodology to identify what people actually do on the job, I methodology which can be used to
restructue technical training for optimm results.

Utilization of pre-service Adjustment and perfonmance information in selecting airmen for

hig!"Ak Jobs.

Analysis of the force structure, evaluation of the impact of personnel policy changes on
procurement, moivation, and retention.

Use of asslmnment and classification models to maxlin utilization of our available
ersonnel resources.

Identification and selection of low.aptitude groups with the greatest potential to develop
skills In servic.

In conclusion, I want to emphasize the growing importance of the research function as a part of Air
Force manpower and personnel manasement. Research has been a basic element of the systems engineering
approach we have apped so successfully in other Air Force areas such as research and development,
prucurement, and logistics. Now as we intensify our concern with manpower matters, as we optimize our

operatims in thi vital area, we must apply the same systems engineering approach.



I
We must deteratine th methods that will fit the manpower resource to the specific needs of

aerospace powcr. We muat aW deterirae how mhltaxy servW cain ses society by improving the national
msnpvovr resource C vo education, trainlr. work attitudes Asills, personal austment, etc. The
paUtter n f w took In tde manpow am is just beginnnag to enwirg. It is not my desin done but Isa
par of ti Impr effort of ad the armnd services. Ctef'l phaning and months of consultation have
preceded the steps "hch are row being taken.

My of ice, t of the Deputy Under Secretary for Manpow r, Is just beginlq to emerge its
metamorphic state &Ad take on a new bein. We wl provide the focal point for ill mstre rlatin to the --

unpow and personnel affair of the Air Force. This includes military, Government civil s,
not-f proflt employees of the Air Force, and defense contractors.

In a very real ons, we provide the principal interface for the Air Force on problems of manning for
its tasks-the interface between the resource avaible and the techiques of utilization. With resources
lmuited, the demads upon ressch to improve utilization become more intense. With your cooperation
and support th o productive research, we will open the door to new Ides, especially Imaginative ones
that could lead to new btftkthmouhs in more eftective use of people.

The 25 years of productive research effort which we recognize today represents a record of which
you and all of us In the Air Force ar proud. Let us work together so that the coming years of maturity
da be the creative years that the Air Force needs.

A
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A FUTURE LOOK AT PERSONNEL RESEARCH

S. Rains Wallace
Amerian Institute for Reseerch i

Ladies and gentlen,'wn. I would like to point out to you that I
have a certain problem. I would suspect that approximately 25 per

aent of the people in this room have said to me, "Rains. it's been a
a long meeting, keep it light, give us some anecdotes, give us a little

nostalgia. You know, do a little buck and wing." The other 75 per
cent of you have said more directly and more to the point, "Rains.
what time does your plane leave?" It reminds me of the story having
to do with a young subaltern recently out of Sandhurst who was
assilpied the task of drilling a platoon in close-ordej drill; he started
out rather reluctantly but soon began to gain confidence, There was
a precipice at one end of the drill field, and here was the platoon
marching toward it. He froze absolutely, couldn't think of a thing to
say, while the beautifuly drilled platoon continued toward the edge.

Just before they reached the precipice, one file leader turned his head just a little hit and said, "Do say
somet ing, Sir, even if it's only goodbye,"

You know, it is interesting that that story should have coen to mind because, of course, it is a
militaJy story and I have been a little bit distressed ever since Launor Carter-I am sorry he is not still here
to defend himself-talked about the difference between the mililary and the civlians. I want to tell you that
we who werv involved in forn'ing the Laboratory are justaboul as military as any group of people can be,
In fact, none of you has ever seen such military as I saw as a first lieutenant walking one pace behind and
one pace to the left of Captain Meredith Crawford, Captain Eddie Ghiselli and Captain Philip Du~ois. all in
sun helmets. Military was military. As a matter of fact, they tell me that I was rather military when I first
joined the Laboratory, and that's not surprising because, while I don't often admit this, I an a graduate o1f
Morgan Park Military Academy for incorrigible boys. I am also a living example ot the tact that Lloyd
Humphrey% hasn't looked at the right data, There are reliable predictors. and I anm an outstanding example,
I had gone to a military academy, and so when I received the telegram that said "You will proceed."

thought, "When I report to Kelly Field, I'l do it right-uniform and all." I went down and bought a
uniform ano, upon arrival at Kelly. reported to the post adjutant-which surprised him. I also asked tr .side
arnms because, in my day, you reported under side arms for duty. That surprised a lot if people. Finally. I
found the Laboritory, walked in like a troop of cavalry, and reported to Major Robert D. Rock who has
never been able to speak to me since. I was, in fact, the very mirror-image of a |military oficei. I say
mirror-image becaoise, as Bob Murphy gently pointed out to me about two or three days later, all my
insignia were reversed.

But let us get back to our Chairman, Dr. Eddie Kemp. I was asked to do a little reminiscing arid tell a
few anecdotes, I think there's one anecdote that must be told about young Major Kemp. There was a time
when Major Kemp was transferred to Midland Air Force Base which had been, among other problms.
confronted by a Pentagon decision about what to do with bumbardicis whu had completed their tour with
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the Eighth Air Force. Send them to Midland Air Fort, Base. The bombardiers did not apprec~ite this nor,
I'm sure, did Major Kemp. But, there they were, and they were rathe' unhappy as Major Kemp discovered
when he was made Officer of the Day. At approximately two o'clock in the morning, he got a call
from-shall w,- say-a nightclub They had a young bombardier lieutenant who-shall we say-had become
somewhat intoxicated and had also found that things were rather stuf!y and warm. So he had removed all
of his clothing and was prancing around in the nude. Well, the only thing the owner could do, of course,
was to call the Officer of the Day. Major Kemp decided that he had better go out and try to solve this
problem. Major Kemp went to the rescue. But, on his way back, driving in the jeep with the young
lieutenant, he thought to himself, "Well, what .'m I going to do here? I've got to prefer some kind of
charges against this chap because he has done the ...... At the same time, as I say, Major Kemp was a wise -

and understanding, participative sort of-well, anyway, what to do? You have to put this man on charges,
how do it without getting him into real trouble. He solved the prcblem with his usual intrinsic brilliance.
That young lieutenant was charged with being out of uniform. 4

You know, I recalled when Bob Murphy was telling about some of his problems in his early days that
as a result of the numerous losses of platoons somebody got the idea of putting name cards on them. Just
about that same time, there was a really brilliant idea-actually, I think the Navy first fomented it or
supported it, and it seemed to come somewhere between the wheel and the internal combustion engine. I

mean, it was a great thing. It was' called the Renshaw method of identification of aircraft. For those of you
who don't know about it, let me say this. The idea was that you just sat these kids down, flashed a picture
of an airplane for one-sixtieth of a second, and asked them to identify it. So they would sit there, and the
trainer of the group would say, "Ready? Now!" The picture would flash on for one-sixtieth of a second,
and they were required to write down what kind of aircraft it was. Strangely enough, some of the aviation
cadets didn't enjoy it. In fact, there was an incident, one of the great moments I think in the Air Force
program, and I like to think that the trainer was Bob Murphy. Anyway, here's a young aviation cadet and
there is Bob. He is saying, "Ready? Now!" Flash it on for one-sixtieth of a second, write it down. Finally
the cadet can stand it no longer. He takes his pencil, throws it across the room and shouts, "Nuts to it, I'Il
be no more part of it." At which point Sgt. Murphy goes to him and says, "Mister, what's your name?" The
kid looks at hbi, covers his badge, and says, "Ready? Now!"

Well, I'm supposed to say a few serious things. There are some serious things I guess I would like to
say. "Ready? Now!"

I have been fascinated in listening to this collection of, I use the word advisedly, old pros in the
personnel research field talking about their interest s, their conceptualizations, their approaches to our
various problems. Let me use just one example. There's been a great deal of talk about computers,
understandably enough, throughout this program. But it fascinates me how differently our speakers have
talked in terms of what we're going to do with them. Brokaw emphasizes their aid in moving us from an
atomistic to a holistic approach. Kossack is interested in their application to personnel utilization models.
particularly their employment in advance weapon systems. Leiman is interested in personnel utilization but
after hearing his speech, I've decided what he really wants to do is to replace Sir Thomas More with
computer. Launor Carter sees the computer as giving us potentials that are inherent in the individualizatic
of personnel actions. Fields likes to talk about the estimation of qualitative, quantitative requirements,
early research, and the development cycle of weapon systemc. OUr host Laboratory is sold on
policy-capturing and occupational structuring and, in all honesty, the day I had to write an abstract to
qualify to get here I got kind of fascinated with what we .. uld do with computers in terms of analyzing the
work situation as an importara variable in the things we are trying to do. So it seems apparent to me that
we may be looking and groping at the same elephant, but we are certainly seeing different things, and since
what we see, even as w ',view the past and survey the present, has immediate implica~ions for the future, I
suggest to you that it fot , hat one man's prophecies are another's inconsequentia.
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You know, tie propun you h: card here does 2 much better job of looking into the future than I
could possibl do for you even if I ,:given unlimited time-and my plane does leave fairly soon-so I'M
not moved to take whatever remit might make from now on very seriously. I would urge you to use
similar restraint. I am going to try ,throw out some points very rapidly, both in the interest of time and

to increase your difficulty in tearg them apart. Perhaps I can serve to remind you of some of the aspects
of the future which your own tirking may have neglected, or which you may have missed from some of

the speakers that we have had in tfls outstanding program.

I do want to say one other thing before I dash into my crystal ball look. I'm going to address myself
from here on to general questions of personnel research or of psychological research because the history of
this Laboratory is not only a history of Air Force research but of psychological re.warch generally. I don't
believe anyone really wants this Laboratory to address itself only to specific Air Force requirements
because its history has been one of contribution to the general field, the general science of psychology. We
have here with us today, Dr. John Flanagan, who started this program and had this in mind throughout.
While a great deal has been said and should be said about Dr. Flanagan's contributions to this program, let
me point out that i, the process of contributing to it he also found and contributed to the training of most
of the top research psychologists in the United States today. There are some notable exceptions which I
shall not mention. So, I am going to talk more generally because I think it is in the tradition of this
Laboratory, thanks to the vision that John Flanagan had back in those days, and I hope that it is a tradition
that we shall not forget.

So what is the future? Where are we going?

I'm going to suggest to you that one of the things we are going to do with the computer is to find out
more about the situations in which people work, and Uloyd Humphreys has pointed out that probably this
set of variables is more important in the prediction of human performance than any of the sets of variables
that we are looking at now.

The second thing that I would suggest to you is that we are going to have some new ideas about
job-structuring. We started out in a rather elementary and, I think, a rather naive way. I think we are getting
a little more sophisticated about it. I think that the next step in job-structuring is going to be the
recognition that job structures and interpersonal relationships are in and of themselves together, and we
must look at both sides of that coin as we structure jobs.

I'm going to suggest, thirdly, that it is time that selection and training research got togethe- again.
They used to be together. They have been separated now for some years. Somehow or other we have to get
the individual differences boys and the experimental psychology boys together again to look at the problem
of selection, training, and classification in joint context. I think that we are going to start talking about
validity again in relationship to training, and it's about time. We used to do this, and we have forgotten it
somehow. I think we are going to have to spend a lot more time, as this Laboratory is doing, in the
development of better performance taxonomies. In fact, what I am saying here is what Fleishman has been
saying very well, and it is time that we listened. I agree with Lloyd Humphreys that we must find out more
about our test and predictive theory and stop worrying too much about the personalities we are testing.

* Lloyd frightened me a little bit with his talk because I thought maybe he was saying, "Let's just stop
* thinking about theory," but I discovered that indeed we are on the same track. Let us think about the

theory of validity and what we mean by it, rather than theories of personality and what we do not mean by
them. I think we are going to have to be more and more interested in problems having to do with the
selection, the training, and the assignment of second-level management, both in the Armed Forces and in
business and industry.
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We talk a great deal about retention in the Armed Forces. In the old days, we used to tak a great deal

about ni(rale and motivation, and we had many studies of thee problems. I think we know a lot more
about th kind of problem and about new ways to approach it than we knew then, but somehow or other
we have p4. it uz er the rug. I suggest toyou that the future w demand much more attention to the old
problems oj^ morale, of motivation, of what keeps people interested in jobs, of how you keep them in jobs,
and of how you compensate them. You know, money is still an Importuat part of our society. I think we
need a return to this kind of interest.

Finally, we must recognize that there are problems confronting personnel research that we have never - -

seen before. There are new kinds of people that we must be looking at, new kinds of problems that we must
be thinkrv about. We must be thinking about the transfer, for example, of personnel techniques across
both natioial and international cultures. This is becoming a more and more urgent problem for
consideration-. We must understand better the relationship between what we do in selection and
classifictioa and how this is related to what we do in training. We are going to have to accept the fact that
somebody is going to have to select and train people to work with many, many different populations in
many, many different ways. Perhaps Dr. Leiman is right, but if he is, we have got a really difficult and vast
job to do. It's nice to be here and to know that there are the kinds of people represented here who can.face
up to these problems.

i
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